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!\i;rii<)r(;ii ;i valuahh* and ('\l(Misiv(' iiri' is 

alivady (h'volod lo iIk' t(‘\lj|(‘ ails, im liook lias 
ycd a[){)('ai‘('d on ilio important snlfjt'ct of tin' 
(•oloiu‘-niat(‘liin;4 of d\(Ml t(‘\lil(',s TIh' ,sid)|(M‘l is 
a (•om))i'(‘li(‘nsiv(‘ om*, conipiisiny a^ il doi's tin' 
study o{‘ nolour p(‘r('('pl ion, tlio (pialitirs of da\- 
lij^lit, tli(' optical i>ro|i('ii ics ol llic ldl|■('^ and 
dycstuiVs ('inploy(Ml, and also tii(‘ inllniMus'^ of 
artificial illuininat ion on colour aj>j)caianc(‘s 

This little niannal att(‘nipts, lar as |)os^il)l(\ 
to s\ st(‘inatis(‘ and (‘Incidati' tlu' many i)cr|ih'\inj; 
pliciionuma that conn' hcldri' iIk' du'r and colour 
clumiist in tin' cours(‘ of tlan’r (‘\{'r\da\ work. 
IIow' far this attinnpt succ(mmU li(‘s with tin' rcadi'r 
liimsc'lf to ji;di;(‘ ; hut 1 hop(' it ma\ pro\’(' a 
i;'(‘miiu(^ lu'lp to th(‘ pi'actical man as w(‘l' as to 
th(' stud( lit. 

0 

1 hav(' pli'asun' in ('xpri's^iny m\ spcci d thanks 
to my lirotlu'r, damc.s Ikaim'^on, coloni* chemist, 
Kskbauk, for tlu' assistai.ci' h(‘ has L;i\cn nc' in 
carcdully revising;’ all tlu' })i‘oof-sh(‘(‘ts, and for many 
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valuahle su^gc'stions ; and likevvisw to my 
fri(‘ivl, H()l)(‘rt Irvinr* F.(\S., I'.K.S. K<, of Ropton. 
Graiiton, for llis^kin(l int(M*('st^and advica' during tlio 
])rogres.s of tliis work. 

Th(‘ dy(‘d [)att(‘rns illirstrating the t(‘xt I owe 
to tlio ('ourtosy of tlu' two (‘inimmt colwnii fhans 
mentioned in tlie A])j)(Midix. 
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COLOUR-ATATOHINC ON TEXTILKS. 

c CIIAPTKK 1. 

• 

INTUODrCTION LKHIT \N1) ('f)L()(Oi A SENSATION SfRlK'- 
TrUE OFTiLi: EYE-TIIE RETINA-COEOU K-l'ElU'Kl'TION - 
PliBIAHY COEOUU SENSATIONS 

■fnE (lohcdti' art of colour-maiclnii^^ has cvi'i’ ))rov('(l a source^ 
of (hhicailty to tlu' dyi'r and to\td(‘ colounsi. Mv(‘ii in IIk^ 
earlu'st annals of industrial histoiy wo l«‘ain that tho skill 
of tho famous dycTs of aiioumt d\yr<' was ofh'ii put to tho 
stwerost ti'st in tin' malohin<^ ot tlunr kuiowikmI d'vrian 
purpio to that partioular anuShyst Iiik' which was Ihon so 
much {'stiH'iiKal.' 

If th(' niatohin^ of d\'('d oolouis was found to la' a 
diih(*ulty (hen, wlu'ii llu' dayhydit was oh'ar and iinpollut('d 
hy tho smok('-oloud of industry, wlu'ii colours \v('i’(' sinipk^ 
and* t('xtil(' fa])rics h'W', tlu' diiruuihy is va'ry much mcroasod 
noxv, wlu'ii vyo considi'r tlu' im])ur(^ atmosplu'ri' of our larj^i' 
mdivstrial citU'S, thd' many dilfon'iit kinds of fabrics, and tlu; 
complexity (if tho innuiiK'rahk' sluuh's which arc; (h'lnandc'jl 
by th(' tast('s and fashions of tlu' pn'soait day 

Before a good match of any colourc'd matc'iial can ho 
made, either on tho pak'ttc' or on dyed fabric,, w’v must, m 
the first place, he endowc'd withc'yo^ capaldc; of distinguishing 
the liner graclationg of hue; ; and, at tho sanfe." tinu', nf^order to 
see the colours m tlieir triu^st aspect, the colours thomsolves 
must be ilhimmed with a good wliito (juality of da ^^ p^. 

At the yery threshold, tlu'rWfore, of our study of coloir' 
' Phny^hb ix., chaps. 30-41. 
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(V 

luatclun^ are lv\(^ <u pM;-t;iiiiuuui/ taiice, i.f.., 

Colour-Perception atid Qaylight ; and to thes(‘ \v(' vvffl first 
coniine our attenUon. 

m 

'c()l.()rR-PKR(G^:i’TT()X. 

§ 1. Light and Colour a Sensation. ^ In the pn'sent 
scientific a;4(i ('veiy sclioolboy is ac(juaint('d with the famous 
expcii'inient of Niwvton’s, wluu’i'hy a Ixsini of white ji^tht is 



PfQ Showing refraction of light and production of spectrum 

by moans of the pi ism. 

decoiitposcd, by means of a pfisin, as shown in b'lf;. 1, 

into its various constituent colours— red, orange, yellow, 

* ( 

green, Clue and violet. • 

But it IS dirticult to liehevni that no such thing as light 
ah(^ colour exist m the external world, and that they are 
cnerely delusions or sensations produced within the eye and 
the brain. As a clear understanding of this initial fact is 
very essential, it niay*be desirable to state here briefly the 
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tlioory of as iio\/ uni\ ('i-s:illy aaan'otc'd. Lmht has hci-n 

as " ih)f <1 (/nnif, Imf I‘(I f h r^' U iUnn! it hm ol f/iiiHls 

It IS ao c'stahlisluMi law that ('lua'iiN *s coiuci lihlc 111(0 

a ■ 

heat, and the lusat nia\ Ix' so int('ii->(' as* to inak(' llu' suh- 

staiic(' ylow’ with a da//hn^ h^h(. ddiis liiniinosii\ is Init 

tli(' visile exhihition of tlu' iiit('iis('l\ M<den( ai^italioii or 

eiK'ryv existiny^ aiuony tlie p.irtieles or molcxadc's ol (In' body 

emitting tlu^ hydit ddn' sun is sm-li a, luininoiis l)od\. It is 

V('i'y ('vnh'iit that wln'inwa'r tfn'rc' is mtc'iise nioleeiilai dis- 

tur])anc(', or \'ihra(oiy motion, tin \ ihrations v\ ill r.nlia,((' 111 all 

directions, like (lu' undulations on a pond ot water into which 

a stone lias Ix'i'ii (hrow'ii d’he wati'i itscK do<'s n(»t nioN'C' 

torw ard, hut acts simply as the nn'iliiim ( Inoiiyh w'liich is pro- 

payuiti'd the ayitation s('( up hy tin' ('in'rex ol (In' lalliny stoin* 

A similar condition of thmys, hut on an m(inil('l\ s(u- 

pi'iidous scale, is s('t up hy tin' sun d'luit ylowniy orh is 

radiatin^f its eiu'r^y into mhmte spa(a' . and as wa-ti'r was 

re(|Uiri'd, m the case of tin' pond, (o (raiisimt in undulations 

the a^ntation produc'd h\ tiu' stoiu', so ])hilosoph('rs liaae 

assumed that tln'whok' umw'rsi' is per\ad('d hy an ('xto'iin'ly 

siilitk' ti'iiuous nn'dium — tin’ cf/ii-r whnh tiaiismits tlu' 

('iR^'^y of tlu' sun m \ihiatory nio\('nu'nts or wave's Tlu'Se' 

tra\('l at the stupe'iidoiis sjx'e'd ol sonu' hStkOOO link's p('r 

second of tmu'. Idu' wave's of this h v))otln'tica,l 01 h^ht- 
« . . 
bearmy^ nu'Tlium — known also as the' / 11 m i ti ifcroiis 

duriiiy^ their swilt jourin'y throuydi sjiace' cannot he (('TiiK'd 

lijlhf 111 the true sense' e)f the weird It is only whe'ii this 

rapid waive ('iieryyy rcucfie^ Hh> rijc and c.rcih's fhe (hheate 

7 iieiiihr(uu’ of fhi> nd'uia that it l^e'comes traaisloi lin'd into 

t ‘ , 

the visible m tlu' ihape of liydit and ceilouP (se'e' 5:^ d) 

In the same manner, cannot dc'scrihe' a crickc't ball 
coming hying through the an- as paim ceeining teiwayi^^is, 
its force is transformed into ])am only atte-r it strike's us «.nd 
we feel' it. But the manner m wdneh this^waVe' tmergy ” 



4 C()L(>f]j-MATCHIN(l ON TEXTILES. 

can be translated })y the re,tina and brajn into tlie sensation 
of li^^ht and colour is a mystery which may jK'.ver he sol\^ed. 

Sciences cannot explain it, and, ^is Professor Tyndall says, 
“ wh(;n we end(‘av(mr to pass from tln^ phenomena of physics 
to thos(! of thon^dit, we iiK'et a problem which transcends 
any coma'ivahh' e\])iession of tin' jiowers \\(' now possess. 
\V(! may think of tlu' suhji'ct a^ain and a^cim -it chuff's all 
int(dl('ctnal ])r('S(vnta,tion ; \v(' stand, at k'lij^^th, fac('. to face 
with th(' incomjiri'lu'nsihle.” 

§ ‘J. All tliat we do know is (hat tin' sensation of li^dit 
arises from tli(‘ action ol these mysterious “('ther wa\'es ” 
upon th(' s('nsitiv(' organism of the t'V(' ; hut what the tine 
na.tuix' of thai action is, lets not yi't Ihumi (h-ti'miiiuMl Some 
scacmtists consid('i it to h(‘ a ])ur('l\ ('k'cti'ical action ; others 
dcH'in it a cla'inical oiu' -and jiiohahlv it ma\ 1 h' both. That 
these w’a\('s ot radiant eiuayv, oi liyht, ha\(‘ a clHunical action 
IS, of couisc, well known, as Irom this prop('it\ ai is(‘s the art 
of })lioto,qi’aph\ . fl snnln^lit fails upon the ^r('en !('a,f ol a 
plant, clK'inical action is ayniiii ma.nilesti'd , and scientists, with 
suitable apparatus, ca,n show that lij^ht is ca[)ahk' of ])roducin,i( 
an (dectrical cdleci. 

Pnit of th(' ^^ix'at numher ol “etln'r" or “eiu'r^W wa\es” 
which traversi' spaern onl\ a compa.ratnady small portion ol 
them are a])])r('ciat('d h\ tlu' orttan ot the ('\i\ and are thus 
lnad(' visihk' 

Por example, '1 illustrates tlu' visible s])(H'trum, con- 
sisting^ ot all the coloiiis from red to viok't ; hut extending 
far beyond tlu' extreme ri'd, thouLdi invisihk^ to the eye, is 
anothcT series of ra>s, termed the heat spectrinn. Beyond 
the extreme violet, also, are rays invisihli to the eye, and, 
from their power of producm^m^diemical action, are termed 
tli^>'' lemical or “actinic'’ rays. It will lie seen, therefore, 
flftit wdiat we term the visible spectrum, extendinj^r from red 
to violet, IS really hut a small portion of tlie multitude of 
diffei’ent eflier wiues. ^ 
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LIGHT AND GOLOIH.* -5 

i I 

■ c , 

of li^^ht IS produced upon tlu' retina of the 

eyS unless the vi])ratorv speed of tlu‘se so-called wave's lies 
• • 
within certain delinite limits The wavu li'ii^dh of tlu' ex- 
treme red rays is said to he about an inedi, while' 

that of the extreme vieile't is aheiut ‘d :gi nu'h. 

Li^ht hears in this resjiect a close' analee^w te) Sound, as lU) 
sensation e)f sounel is proelueu'el unlt'ss the- air-wave's he'at upon 
the elruni of the ear at a certain ele'fimte' late'. 

Th(^ ehffe're'ntlv e'eiloure'el IT^dits we- se-e' in Ihe* spe'edrum 
have all diti’ere'iit “wa\e' le'ii^ths,” a,nd the' le'ii^hli of the' 

wave, or, m othe'r weirds, the' rapi(lit\ of its vihiation, de'- 

• 

termines the colour eif the' li.uht. The' slow c'st \ isihle' wave's 
are lound at tlu' e'xtre'iiu' re'el oi the' spe'e'trum, and, as the'ir 

Ins isiblc \ J iivisihk' 

1 Si>('t 1 1 mil 


speed or “wave freejueiie'V ’ nu're'ase's, we', ^e't the' oranj^e, 
yeWow, ^U’een, hlue, until w'e' e'emu' to those' of shorteist wave^ 
length, the violet. The^ wave' le'iigth of the' eixtieiiu! 
vmlet rays is einly about half that of the' re'el rays, anel they 
beat upon 'the elelie-ate re'tina of the; eye with elouhle; tke 
rapidity of the reel. He'twe'e'ii lhe;s(3 two (',xtre;me;s he the 
various intermediate hues, oiange;, ve'llow, gre;en and hlue, 
with their various wave' leaigths, or “ vihiation lre!([uencie;s,” 
all merging beautifully into euie anfither. 

It will lie e)h;^;rve!el, the;i‘efore', that Seeing anlj Hearing 
are closely analeigeuis, and yiat colon. r hears the same; relation 
to light as pitch deies te) seumel. 

§ d. As people’s ears elif'fef m regard to their sensiUlity 
for hearing sound, semie hejaring sounds eif a ve?iy leiw or a 
very high pitott, inaudilile to e)the;r cMirs, so also peof)le’^ eyes 
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in tlu'ii' ol scnsiliility to colours. T lu' extreme 

limits of the spiaTnim to, one ol)S(n'V('r are, in all proha*! )ilHv, 
notexactlv the san«,(' as to the (xes ol anotlunx Lt is rixxsonahle 
to {'\])(‘ct that tlu' limits ol \ision ol small animals and msc'cts 
ar(‘ not tlu' same as thos(‘ p('rc('iv('d hy man, and that tlunr 
(\V(‘s, hemy^ iniudi mori' mmut('l\ and (h'licati'ly construeti'd, 
will !)(' S(‘nsiti\{' to HAS ol shoit('r \\a\'(; len^dh than (‘ijii lie 
a])pr('eia,t('d hy human (A'os That this is aetualh tlu' eas(' 
hus h('(‘n aJumdanth proxial h\' I he |•('sea,r(‘h('s of Sir John 
liiihlioek (Ijoid A\ehury), who h.is shown that ants and 
insects can p(U’c('i\(' i.i\s lawond tlu* (‘xlrenu' violet, whudi 
are mvisihle to oui laryi'r and l(‘ss sensitivi' e\(‘s. k’or all 
that W(' know, sonu' of the coloins wa’ seiy siudi as U'd, 
oraxiyi' and yiaaui, ma\ la* inxisihk' to tin* cN'es oi sonu' ol 
the sinalk'i animals, wink* then eu's ca,n pi'iciuve I'olour 
h('\ond till' (‘xtia'ine xiolct, inxisihk* to man 

SI Pi’Ll rijE OP riiK EVP 

1 Eye structure. Ik'loo* pioc('('dmy liii tla'i lo 1 he pi'i- 
CH'ption ol colour and its \aiious plu'iioiiK'iia,, it may h(* well 
for Us to letei hiiell\ to tlu* stllictuie ol the e\(' lts(dl \\ (* 
do not int('nd to ('iitei into a, minuti* (k'sciiption of 'the 
human ('Nc*, as tlu* i(*a(k’i maw obtain siudi m a,ny tex1-hool\ on 
optics, hut we wish nu'K'ly to point out a*lew ol ilsjameipal 
l(Litures in K'lation to om suh|(*ct ol coloui \ision* 

t'l) /yi/eku// --'Idu* human ('\ehall is luaiilv sjilu'iicaJ in 
loim, and about one inch m dianu'tc'i. Jdie oihits, m which 
tlu' ('yi's mov(', a,r(' hollow coiu's ol hoiu*, wisely arranged m 
such a position as to admi* ol tlu' w’id(*st ianp(' ol side vision 
consistent* with tli^* jiowi'r ol hinoeulaa \^sion, << c., that of 
directing both {'V('s a,t onc(* on lU'ar oh|('Ct; 

VI !(' (wehall 11 ) its oihit is suri-ouiuk'd with a Ix'd of tat, 

/ 

so ti.hat it x‘an mo\e ri'adilx m 'all dii’ections. itouyhly speak- 
ing, the (wd consists of thna' outei’ nKunhranes or coats, and 

*1 

IS tilled ihsuh' w ith thna'* hiimom's, or h([Uids. 
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will assisi us in snulMu^,^ tlin'inun' iiujioitaut parts 
of fts ^tructuia^ 

• • ^ 

(r) Sricrofic — Tli(^ liist coat or outer, DU'iiihraiK' is ilie 

s<‘h>r()tir (Sc. in 3), winch constitutt's.ahout lour-liftlis of 
the post('rior exUn'iial coatin^c ft is opaipu', and forms what 
W(' t(T'ni in ordinal v laiCRuaj^c “ llu' w hiU' of t lu* e\ e " 



(c) th/'/o'c. - Jollied to this whit(' opa(|n(' iiicmhiaiie, and 
imniediatel\* in fioiit of tlu' e\(\ is a tiaiispaieiit niediin*! 
shapcTl likt^ a \('rv (‘on\('\ wat( h-,Ltlass S' ■, .md is leiiiH'd tlu' 
cornea from its horii\-hK(‘ naluK'. 

On account of its t raaispaieiicx , tin* coi nco camioL ht^ wcdl 
ohserved wluui lookm^^ stiai^ht iiitP) tlu' (wc, hut may \)o best 
si'cn hy loofvin.it it from tlu^ side, wheiiuiis w atelYtlass-hke 
sha})e IS readilv ohseuw'd, 

(d) (Jliorotd. — IJiidei the ^ch roln (S< ) is aiiollu'r 

mift 

braiic coiitanim^^ tlu‘ hlood-\^ss('ls ol tlu' (‘\(‘hall, aiu^ is 
therefore tc'riiK'd tlu' vascular coat, oi i\\v ( hor(n<l ?('h.), whi?h 
comprises th(y«ris. The citoroii/ lu;s close to tli(‘ iiTiier side 
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of the sclerotic, and^tte ins, or coloured diaphragm of the 
eye, is behind the' watchglass-like cornea (see 1. 1, in Figf^S). 
This choroid coat not only contains the wonderful network 
of blood-vessels of the eye, but it is also lined with dark- 
coloured or black-piginent cells. This makes the interior of 
the oye dark like a camera. These black-pigment walls absorb 
all excess of light that would arise from reflection and diffusion 
inside the chamber of tlu'. eye, and would thus cause dim and 
inaccurate vision. Persons whose', eyes are devoid of this black 
protective lining are termed Albinos (see the Ins, § 7 (l)). 


ABA 



« Fio. 4.— Portion of retina showing rods (\) and conds (h;. 

§ 5. (e) Retina. — The third coating, or inner membrane, 
is the Retina (see m Pig. 8). This is the most important 
part ol the whole eye. It is this wonderful nervous mem- 
brane thjVt receiveib the impressions of thi^ waves of radiant 
energy (see § 2) and transmits ^them to the brain, where 
tlts^are translated into Light and Colour. Although the 
rettna is only about the , iofb part of an inch in thickness, 
just about ^he thickness of ordinary writing-paper, it is found 
to consist 0 ^ no few(u th,an nine different membranes, or nerve 
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layers, of marvellous iiitricac\ and deficju, > . >> ILIUMIl 

intcf details, it may lie said to consist principally of two 
delicate structiiies, one. portion of coniu'ct^M' tissiu' lu'in^^ in 
contact wnth the vitreous humour. This i^tiunu'd tlu' iniu'r, 
or anterior, memhrane. A s(‘cond. or outi'r, nu'mhraiu' consists 
of layers of peculiar, (‘vlindruoil lU'rves, sonu' hlimt and otjiers 
pointed at the ends, which from their sha[)t‘ aieteimed “rods” 
and “cones”. This lavi'r is in imnu'diatc' contact with tlu‘ 
pi^nnent layer of tlu' (‘horoid co.tt ((’h ) 1 ^iv('s a si'ction 

of this part of the retina, sliowin^ tlu' lods (A) and coin's (H). 
These “rods” and “cones,” as they arc' tc'iiin'd, pla\ a most 
important part in the' pc'rc option of li^dit and colour, and rc'cc'iit 
mvesti^uitioii has jirovc'd that the shaiji-poiiitc'd nc'rvc's, or tin' 
“ cones,” determine' the' natuie' of the* roloii r ot the' ohje'ct se'c'ii, 
while the “ rods ” are' se'iisitive' only to the' oiid hIkkIc, 

The reniarkahle faed has he'csi discove'ie'd, also, that amm:ils, 
which, from their hahits, do not re'epnre' e-ol()nr-pe'rce‘])tion, such 
as the hurrowon^ and nocturnal animaJs like' the' moh' and 
hed^ndio^^ or the' hat and the' owl, ha\(! no e'onc'S in tln-ir 
retina, only the rods, as shown in A, h'l^. 1, he'in*^ jire'si'iit 
(f) Yellow S/)ut — fn thei human e'\e' the' most se'iisitive' 
part^ m the retina for pere*eivin<^ eteileiurs is at the' arreew 
point show'll in the dia^n-am, h, wln'O' the're' is a pe'e'iihar 
depression m the retina, ddns speit is te'inu'd the' ine/cn/e/ hifeo, 
or the “yellaw' speit ” from its (*ole)ur. It is dire'ctly e)ppe)sit#‘. 
to the middle of the pu])ik The' de'pre'ssnin itse'lf is kiAiwn 
as the forea cenfridis, and is the' only jiart of the re'tina 
which admits of clear and ehstnnd visiein. 

For example, in readinj^^ or lool^in^ at a picture or land- 
scape, we hnd that.w'e can sc'c' distinctly onK' one snutjl jieirtion 
at a time. It is necessary to move the' eye's te) and fro to see 
every part clearly ; we must place' the eye m such a p^if^'ii 
that the linage falls u])on this sensitive' spot; otherwise^we 
obtain a general, hut more or k'ss hazy, indistinct ^lew. 

It is a renyfrkable fact that at thiid certain pomt tflu' niost 
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}u‘ut(' portion ol tlui V(‘tina, tlu' “ cones^, or oolour-peiceiMii^^ 

iK'i’vi! filinls, an' v('rv ^niiun-oiis and closely set, wlfllc*the 
rods ai-c \('i v ic'A, and siUMit('d round tht) niar^nn of this 
yi'llow spot. , 

(o) Sfxil -Lt IS ratlu'r curious, a, Iso, that not very 

fa-1 from this, tho most S('nsitiv(' portion ot the retina, is a 
sj)Ot I'litiK'lv insiaisible, Ol* hlind, to h<^ht 1 his blind jpot, 
as It IS t('rm(al, issituati'd at tluit portion wheo! tlu' o])tic lU'rve 
(MitiMS the (‘VC' a, t tlm “X” nntik m illusti at ion, V\il d. Here 
the nerv(' tihrc's arc* d('Void ol rods and cones. One would 
naturally think tlia.t this portion, wlu're all the ncu'ves are 
-atheivd lopotlK'r, should h(‘ the sjiot of most acut(' vision. 
'FIk' cMstenc (‘ of tins hlind spot, as no douht most of our rc'aders 
aJieady know, can (>asil\ Ix' (hammst la.tc'd h\ closin'^ the left 
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t 

,-yc. im.l looking \Mtli the n-li( at the cK.ss iii Fiy'. 5, at a 
(liHtaiKH- ol a,hoiil tuclvi' inches 'riic'eioss aniiyu' I'onnd 
g|.ot will lie both visible 'I'lieii blino the paSe orailually 
iioaPerlo the eye, still ki'epiiiy the pa/.e li\eil steadily on the 
cross luaik, till the pape appioaehes to about seven inches 
troiii the eye. when the letinal iiiiape ol the round spot falls 
upon t'lie entrance ol the’oplie nerve, and the black disc will 
heconie i^fivisible. cOii hrinpinp the [lape st^ll nearer to the eye 
the dise reappeais, alter its iinape has passed over this " blind 
the retina. Tins may be leadily understood by 

stiidyinp the simple diapram, k’lp. b. 

' ^ (3. TKe three Ijupiids, or Humours, present m the eye 
are terirted .the aqueous, crystalline,' and thc\vitrcous. 
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(h) A'hu’ou^^. — Th(! lliiiiiofir ( \,(] iii l*i^. -1) 

coiisl^ts^of iK'iirly pun* \viit('r, iiiid ()C(Mjj)H s tin' sp.irf' Ix'twiu'n 
tiu' coinea ((' ) and tlu' cia sialliin' h'lis ((dv#). 

(i) (U'fiAdlh ni‘. -Tin' nj^tnH > nr II n in(,ni r in' lens (Cry.) 
IS a tiriii, elastic, ;j;ohi(iiu'-hJv(' sidistaiua', shaped hieoina'x, ldv(' 
an ordinary “ ina_yni(\ iny^ ylass " d'lu' eonx ('\it \ el tliw lens 
can l)e,vari('d by tlu' action el the (‘ilian iinisch's (S(‘e (' M ), 
and in this way near and distant oh|(‘ets c.ni la'adilv he focussed. 
With the ad vanceiiUMit of aye, *lio\\ e\ (u , the hais loses iis 
(dasticitv and Ix'conu's deiisi'r. It is then not possihh' to 
inci'case its (ainvi'xity in oid(M to to( us iie.ir oli|ects, and i (‘soi f 
must tlum h(' niadi' to (‘oii\(‘\ ylass spectaides d’he inus- 
cular (dfoil lU'ci'ssaiv to focus thee\(' is t<-ehuieall v teiaiu'd 
“ acconiniodation " 



Sfinietn lU's, as tlu' ('rx'stalhiK' li'iis yh»\vs deiisc' with Xiyi', 
it also ac(|U]r(^s a w'llowish tiny(' ddiis alters eousideral)ly 
tlu' appearances ol (olouis, ('sp('cially those helonyiny to the 
bhu' and violet (dass. d’hi’ 'yellow tiiii'<‘ ahsoihs a eei tain^ 
amount of its eomph'nuuitary blue, aaid a,ii ohsiaxei' liaAiny 
eyes so att'ected w ill six* (-oloui s shyht 1\ alt('ied h\ then hawmy 
a sliydit delicu'ncy in tluai blue ra\s 'Tlu' etl(‘ei is similar to 
that of viewiny ihrouyh a lamtly tii'ftt'd yidlow ylass or lilm. 

W’tists or coloui;rniatehers, wliosi' ('\es ;oie alteetei^ m this 
manner, will, m matchmy colouis or m paintiiiy, make tluMr 
shades somewhat bluer and cokh'r than llu'W ieall\ appi^a -o 
the normal eye, the crystalline lens of wliK h is eolourle^^s. 
The cold bluish effect of the later pamtinys of Muh’eady amf 
Turner is attriKited by Leibreich to, this yellowmy'ot the 
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lens by This' interesting^ question is, however, treated 

more fully in Chapter, VI., when dealing with the^ec^lour- 
vision defects of* the eye (see §§ 4(), 47). 

(j) Vitreous'.— The third or Vitreous Humour occupies 
about four-hfths of the interior of th(‘ eyeball, and derives its 
name from its resemblance to lupnd ^dass. 

It IS a colourless transparent jelly, beautifully adapted to 
supjiort the delicate iiu'mbrane of the retina (II. K. in Fi^c d) 
and to prevent it from recinfini^^ any sudden jar or shock. 

§ 7. (k) Vtijfil . — Tlu'. round opeiiin^^ m front of tlu^ eye 
(see P) throuf.,di which the li^dit passes into tin; interior of the 
eye is termed the pupd, and by the; action of the muscK's of the 
iris (I.L) the [mpil has the property of ri'^^ulatin^ the amount 
of li^dit by contractinj^^ or dilatinj^. If, for examplcL we look 
towards tlu' sun, tin*, ekudrut arc, or any sourct' of stron^^ b^^ht, 
the, pupil of the eyi* contracts until it is only a very small 
ojieninyy and theri'by sliK'lds tlu' (\ve from the exci'ssive liydit. 
If W(; pass into a dark or dimly-li^bt(',d room, tlu^ pupil dilates 
in order to k't in as much of tlu'. wcaik hj^bt as jiossibkn 

ddie ])Upil of the human eyi' always apjiears black, except 
in casi^s of piuniliar (\y('s, such as observed in the Albino; but 
the eyi's of ci'rtam animals, likc^ the cat, do^, wolf, the lion and 
ti^^er, may hi' semi to ^darc' with a stran<.(e “uncanny” h^^ht, 
even in the dark. This was for a lon^^ time consuhu’ed to be 
• areal li^dit, enianatin^^ from the eyeball itsidf, •and produced 
by ‘the an^^er or excitement of the animal; but investigation 
has now shown it to be mm-ely a reflection from a peculiar 
patch of a metallic-like surface on the choroid coating inside 
the eye. * 

(l) Iris. — ddit' iris (see 1. 1.) is like curtain stretched 
across the interior of the eyi', and gives to the eye its own 
(Siaracteristic colour. When we speak of brown, blue or 
gjrey eyes, we refer to the colour of the iris. 

* If, ho^^ever, the colouring matters normally present in the 
iris^ be* absent, and al^o the black pigmeiit\m the choroid 
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coating, tlKni the eyes apiH'ai\ pink froni the light ri'flected 

throf\gh th(?in troni the hlood-vi'sseli^ in tlu' choroid ini'in- 
* • 
hrane. Such an ahnorinal condition of c'W is sih'ii in the 

ordinary white ralihit, and also in })('opl(‘ , a\ ho au' Alhinos 
The (eyesight of an Allano is always did’c'ctuty and thi'v 
arc' jiandnlly scaisitivc' to any httlc' c'xcc'ss ot light, Ix'causc' tkc'ir 
eyc'S H^'C' dc'void of the' natural daik ])ignicnt, which loinis so 
wonderful a protc'Ction in the' normal e\('. 

(M) Opflr Nvvrv — ddu' ojitic^iK'! \(' iO.X , log 8) consists 
ol all th(' dc'licatc! nc'rvc' filaiiu'nts, or tihtes, irom the K'tina 
hnndled togc'thc'r into what has been giaphiciills liki'iic'd to 
“a many-stra^ndc'd cahlc',” which coinevs its sc'iisation fioin 
tlie retina to the' brain, whc'rc' it is mniK'diatc'U tianslated in 
sonic' mvstc'rioiis niamu'r into wlnit we term light and < olonr 
ddic' foregoing hru'f and imix'itc'ct sl\('l<‘h o( the inori' im- 
portant fc'atnrc's ot tlu' c'U' ma\ help ns m onr Inrthc'i' slnd\ 
of the pc'rcc'ptioii ol colour d’lic' ('\(', notwithstanding all its 
ascrilx'd lanlts as a purely optical mst rnmc'iil , I nltils its proper 
tunctions 111 a trnl\ marvc'llons nrmnc'r Indc'cd, the dc'c'pc'r 
W(' study Its wondc'rlnl construction and piopc'i tu's, which 
tinallv hatfic' ni\c'stigation, the' moie wc' Ix'conic' con\’inc('d 
that’tlu'i'c' must hc' wise' rc'asons as yc't unknown to ns to 
account for what the scic'iilist lightl\ tc'rnis its “ hicimshes 

* j 

I'EKCKl'riON OE (HlLOUlt 

^ S. Perception of Colour — \Vc' have' alrc'adv ohsc'ived 
tfiat a heaiii of white' light (IT hhg. 1), wdie-n d('e*ompose;d by 
means of the prism ((1), is found to eionsist ol six tnndame'ntal 
colours — red, orange, yellow', grc'cn, blue' ami viole't |^ll merg- 
ing lieautifiilly into one' another to foim the* sfx'cf rtiin (D) 
It will be observed, also, that the' longe'st e'olour waxc's, or tic se 
of slowest beat, hex, the red, are* the leiast re'lracte'd, or he^^it, 
during their passage through the prism ; while the' coloured 
light of shortest wave length, e e , the violet, i 3 tl1e most 
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. ..cLCMi. I )ct w ('(‘n flicsi' two ('\tr<'iii(^s ai'(‘ tiu' various niircu’cuit 

coloui’s, all \ai\iii^' in dc^^roc's of o'fi an^iliility ni- w a\ 

dsvi'iy i'a\ oi ,(lift(‘i ('lit colour, oi wliat is tc'riiicd refranijl- 
hi/ifjj, s('(‘ii 111 the N|)(M-ti‘UUi is a simpk', liouioy^('U(‘ous colour, 
and cannot he furtln'r d('coni))os(‘d It, for ('xani]d(\ we 
thi^ovv tlu' s[)(‘(-l nini upon a screcMi and then (uit a lioh' in the 
scrc'cn, in th(‘ .^km'ii portion as shown in V]<^ 7, W(‘ obtain a 
ray of ^nruni hyht , hut on passin<^f tins j^ixh'U hyht through 
a s('cond prism (]))w(' liiid it cannot h{' fiii tlu'r d('coiu])osed 
into ^■('llow and hlu«‘ as w(' imyht expia.t pAanw spi'ctriiiu 



lour IS sini])l(', but physiologists, alU'r lone and laborious 
research on tlu' structui’c and jiropertu's ot the eye, have been 
led to tlu' conclusion that all tlu^ colours of the spectrum can 
he rcdu/a‘d into (kree vie me uturu or prlni^^t rj/ setisaf urns. 

§ 1). Primary Colour Sensations.— What these three prim- 
ary colour sensations are has been a moot point for lon^y but 
s(^ientists are now' almost unanmious m selecting Red, Green 
and Violef as the fundamental colour sensations, and on these 

I 

the most ivasonable theory of colour has ])eet\established. 



('()[.( )['!>• PKlU’KITloN' 


!:> 

A (A'l’iiuin ))h\^i(‘isl iKuiK'd Wdinsdi, fii ITD’d. was tla fiist 
to st*lo(^ this ti'iad, and Iho hiiiioiis 1 )| 'I’lioinas soiik' 

ton yoars altin wards, ind('|)('nd('ntlv adoploij the saiiu' thri'o 
priniaricis, and (‘luiiioiatcal liis tluM)i\ ol (‘(ihaii . w Inch, altoi 
lyiiiy^ iioylocttal loi iiianv V('ars, w:is owinimI, and Inithor 
(U!V(do|)('d, walhin ivcanit \oais h\ 1 hdinla »h /. ( doi k-Ma\w ('ll 
and (^tlu'rs, and forms wlnit is now toinu'd (Ik- V’ouiil;- 
Holnilioltz tli('or\. 

ft IS (joiijoctnn'd lliaJ (Ik' K'lma,, which, .is wi' Inuc ^('{>11, 
is an ('XO('('din^ly compK'x stnicUiio, consists ol a. \,ist assc'in- 
hlaym of niinut(' n(‘r\(' lihrds ol iIikh' dillcicnt kinds oik' s('( 
V(n'y sonsitiV(‘ to tlu' K'd hyht, hut not so scnsiti\(' lo ;4ic('n 
and violot , a si'cond s('t \('i\ scnsiti\c to tin* lik'i'Ii waxes, 
hut stnnulati'd onI\ in a small d('yi('(' h\ those of icd and 
violot . and a tim'd s('( ol lu'ixi' lihri's loadiK' m'IisiIixc to ihi' 
viok^t waves and k'ss to tlu' kmI iuid yiccn. When all tlu' 
three' nerve' lihi'i's aie' e'(iuall\ stimulatc'd, the sciisalion of 
white' hydit is produe'e'd ; hut if the' ted 01 the yiceii set ol 
iieirves he,' more' alleeti'd tliaai IIk' xiok't, tlie'ii the' ini|ii e'ssioii of 
a red or a yi'e'e'n, niixe'd w ith a piopoi lion ol w hile-, is t he icsiilt 

As we have alre-adv stated m § ), it seems to la* pioxe'd 
heyernel a doulit that tiu' peeuhai set ol pointed iie'iNes in the' 
retina teu'ined “e-.oiu's” ha\e the spi'cial lunelionol peiei'wmy 
the eailour se'iisations, while rhe “lods ' dete'imnu' onl\ the' 
liyht and shade' (se-e' h’ly 1 ) 

ddns theor}' of colour \ision is conside't ed h\ physioloyists 
to he epiite in harmeiny with the struetuie' ol the' re'tma as 
revealed hy the miereiseope' ; and it also yi\('s a le'asonahle 
explanation for the [iheiiomema oP “ alte'i -imaye'S,” ol com- 
plementary ce)le)ur>e, diehromie* vision, andjothe'i' eunVisitie's of 
colour-perception. 

As dichromic vision, or wliat is ye'iu'rally termeal rohjar- 
hlindness, is of yreat interest to the colour-mateluir, it yull 
receive special attention 111 a siiliseepient ehapte'r (see Chapthr 
VL, §§ 48 - 50 ), 
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§ 10. Complemerltary Colours. — If we look steadfastly at 
a hri^dit red colour for some time, such as found dyed 
pattern Nos. J and 0, m Appendix, and then immediately view 
a white slu'ct of iiajx'r, \\(', observe a hluish-^O'ec'ii image of 
th(‘ r(Ml-col()ur(Ml ohjc'ci. This is owing to tlu; s(d of red 
s(‘-iu'itive cones oi' lihi’ils Ixnng latigiKul or paralys{'d with the 
too long action ol tlu' real light ; and on viewing wdntty only 
the tw'o remaining (*olonr lunwi's aet, namely, tlu) green and 
violet, which coinhiiu' and loVin llu' hluish-green ol the aft('r- 
iinage As tlu' laal nerve tihre gradually recoven’s its ])owers of 
|)('rc-eiving tlu' laal (Tmumt in the w hite retlc'ctial light, tlu' hlue- 
grcM'n linage fades awav, and tlx'. paper again apjiears white. 

Anotlu'r exainph' may hi' tound in thi' hinuitiful, hi’ight 
pink dyi' khodannne (see dyi'd pattern No. *2), which, after 
VK'wing for a fiwv seciinds. givi's a bright yellow -green after- 
imagi'. 'This pink colour of Uhodamiiu' consists ])rinci])ally 
ol led and vioh't rays, wdiicJi stnnulati' and fatigue the red 
and violi't si'iisitive ni'rvi's On vii'Wing a whit(' sheet of 
])a[)('r, t hi'n't'orc', till' I'Vi' pin ci'iv I's a g/’cc/? image, as tlu' gre.en 
tu'i’vi' IS till', only one lelt uiu'xhausti'd, Orceii is, theredore, 
the “complementary” colour to pink. 

Ty ga/mg sti'adlastly on thi' bright orangi' m ♦lyed 
sjx'cimi'ii No. I, and tlu'ii tuining thi' eyes immediately to a 
white sheet ot ])a])er, we observe a greehish-hlue alt{U’-image. 
dll viewing orangi' not onK ari' thi' red sensitive nervi's acted 
on, hut also the gri'cn neivcs to a much less extent. The 
nervi' tihnls that are left active after gazing at orange are, 
therefore, the violi't and also to a considerable degree, the 
green ones. (dinseipieiitlV, the after-image, or coiuplementary, 
to oranJ^O is violist, plus a ])ortion of gr^^en, w’*liich goes to 
produce a (jrre it is/i-hl as we have already observed. 

Yet anotlier mstania' nuu he found by viewing a bright 
blye such as the beautiful blue seen m dyed specimen No. 
0 (Night blVie). This gives a red-tinged after-image, due to the 
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fact that in viewing' the blue only tin; 'ii and Molct lU'rves 
are afife^ted and fatigued ; conse(iuently tlu‘ aiul violet 

li^dits reflected froiti the white paper aix^ no brnL^'r perceptflile, 
but the remainder of thi' white b^ht, > >•., tlu' red rays, 
stimulate the aetive nal si'iisitive nervi', and pi’oduet' tlu' eoni- 
plementary rial iina^a' as obs('i\(‘d. 

Tlu' following pairs an^ coniplenu'iitaries — 


urn 

,uul niu(’-<_;i ('(’11 

Oraii^t' 

, ( ll('('llls|l-l>lU( 

I’liik 

• Vcllow-Kiccii 

OliUl.i;*' 

,, (’iU'('ii hlu(’ 

Vi'llow 

„ niiK'. 

( 1 l ('('11 \ cllow 

,, \'l(»l('t 

( Iri'cn 

,, l’ui))|(’ 

V('ll()\v-^i('(‘ii 

,, ClllllsDIl 


^ 11. ddi(‘ |)ro[)()i tioiMif stiimilalioii ()l the tliO'e sets of 
eoloui' S('nsiti\(' iku'M'S may Ik* i-('pres('nt(‘d di:i;^o aminatieally 
by nu'ans of eurvi's draw non the (bail ol tlu'sel.ii spcetruni 
No. 1, Kio (S, for e\ani[)l(', ri'pri'siaits ilie (bree sensations 
as drawn by Helinboltz. The lines A, !>,(', 1), ete, i('pr(‘S(‘nt 
the wi'll-known fixed liiu's of tie' solar spi'ctiann. In tins 
dia^U’amit w ill be obser\ed ilial llolnibolt/ ,Lii\es the three 
colours, I'ed, ^ix-en and blue, all (Mpial liimiiiositK'S Tb(‘ 
si'nsa|ion of yc'llow is pi-oduecal by iIk' eonibiiKal action of tb(‘ 
red and thi' ^nax'ii colour scaisatioiis Diagram '1 r(‘presents 
tilt' colour st'iisations "^is rt'prt'st'iifed by |)i IveniLC and art' 
know'll as Ntpnio’s ciirxt's. ddiey wert' niadt' aitt'r a ^u’eat , 
many ('Xjierinients, not only with normal colour vision, but 
with those w'ho were colour-blind. No A, H, ^nvt's tlu' 
curves of colour sensations as formulatetl by Clt'rk-Max wt'll. 

It will be observed by (■and'ully^eonijiarino tliest* three 
charts represc^itino the thrt't^ colour st'iisatious, as toriyulated 
by tliese expert physicists, that tlit'V all sli^ditlv differ, mort' 
or less, from each other; so that the tjuestion of the t'xae^ 
locality on the spectrum of the true fundamental coloiir*Sein 
sations is still uncertain. 


‘2 
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Uiifortuuiit('ly if* a siii^lt; cliaptor wc cannot cntcn’ fiirtlier 
into the ahsorhin;^^ study of cojonr vision, and must icfer tlie 
stu(l(uit to th(i seviu’al {excellent niaiunils ctealin^^ with colour 
physics. Th(i foo'^^oin^ pii-gcs, however, may act as a useful 
introduction to our suhjiad of colour-matchm^L and may also 
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help the colourisc to understand a little ~a very little — of that 
mystery surrounding^ the simple faculty of perceiving colours. 

For certain abnormal conditions of the eye, of much interest 
to colourists, siudi as yellowing of the lens, colour-blindness, 
"etc., consult Chapter VI., §§ 46-50. 



(’iiap'1'i:k II 

I)avlm;h r i-oi: ( (n.m i;-m \ icmNc 

I)\V]J(IIIT sr\\I)\HI) Dfh'l'l Sl''|) DllM'U'l' Sl\- 

Tjrcirr-Hi'A'A.i'.r ri-:i) i:li i: sk\ii(,h'I' in'I’I';iu*’1':uI';ncM': 
OK Moii r -sKi.io'TioN oi'' \ ri ui'' i.K.ii r Kos^■ ^iokmni; 
LKOl r-\’ \KI MUl.nO (M'’ |)\\ I lolIT 

12. N('.\t in nn|H)i t:inc(' lo the (jiicstioii ol (•( )|( )iii -per- 
ception IS that ol tlu' daylight iiscll, wlneh ilinnnnuh's tin' 
colours, [t IS iilw.ivo n(M-ess:it\ to p<i\ caieliil altcnhoii to 
the naluu' ol tlii' lif^lit ('iiiploN e<l in ( oh uii -iiintchin;^^ Ms the 
shpdit('st tin^(‘ ol colom piescait in ii ,l:i\(‘s to iIm- shades 
exaniiiK'd a, (l('ci(l<'(ll\ dilhaoiil hue \llei a lillle <‘\pei icikm' 
in the caL'(dul ('\,innnatioii ol colouis, ii will soon he ohsei\(‘d 
tliat ordinal y (hi\ h^ht is \ ('p\’ lat 1 1 on i hemp m,ii uhad ilhninnaiit 
as 11%'paids whiteiK'ss and iniiloniiil\ ol (piaJiU, Sonu' da\s it 
IS iound to l)e sliphtl\ leddish oi ol an oianp(' hiK , and at 
other Imu's it poss{>ss('s a pi ('(loininanee ol iIk' hliK' and \iol('t 
rays. Tnd('(«d, wdu'K* tin' iit most seauit ilie aei m ae\ is essiailiah 
as 1 n many ('Xpm iiiumts in lelat kmi to colom ph\ sk s, t he da\ - 
light, as a standaid, has to hi' diseaided as unlnistwoi t h\’, and 
the steadier and inoie uinloiin hpht ol (Ik* ('lee.trie aie suh- 
stitiitial. Tl will !)(' ohser\('d. ho\?e\ei .see ^ oTy that the 
standard ol ipialit^' ol tlu' aie light is shgiitly dilteiVnt Iroin 
that ot good daylight. Although th('o)dmai\ sunlight cannot 
1)6 regarded as an altogi'tlu'i ideal illuimnant lor the scK'hIisl, 
owing to its chang(nihl(' natuo', it is, ne\ertlu'less, the i«n- 
versal, and, indeed, tlu' only ap[)lieal)l(' standaial lor sucli 
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piactical colourists af^ the dyer, colour-iinxer and calico printer. 

It l)(diov('s us, tlKU’efore, to study (“aiefully its varying^iitoods 
and do oiii’ l)('st^und('r tin' circainistanc(‘s. 

§ Id. Pure Daylight, -ddie \\lnt(' dilTusc'd dayli^dit in 
('arly suinnu'r (about tlu' month ol iNIay), and comin^^ from a 
novtluirly dirt'c.tion, has lii'cni chostm, ;unon^ eolouiists, as the 
standard of a<.food, ])ui‘e da\ li^dit, .is it po^si'sses tlu- lUMjossary 
whitc'iK'ss find purit\ lor sho\vm<4 all coloins m tlunr truest 
aspect ddi(! ri'ason \vli\ {\u'* norlli li^^ht should hc' prc'ferred 
IS b{'caus(' th(‘ liydit commj^ Irom that dio'ction is always the 
st(‘adi('st, and, hemj^ thorou^ddy mixi'd or “dilfusi'd,” is of a 
pur(‘r and wliiti'r (pialitv tlnin lioiii the oiIkm- diri'ctions. 

Mr J \\b hovihond li;is shown m his \a.ln.ih](' work on 
th(' M (uisii i‘(' iiH’ II t of Lojlil (iml ( \iloii r Sr iis<(f lo ns that tlus'c 
IS no lif^ht so piir(‘ and wliit<‘ ;is that Itom <a whiti' mist (sea 
foyO, and he adopts it as his slandaid noi'inal white' h^ht, 

Tlu' hyht (hu'ctl) tiansimtted lioin tlu' sun is ot a “ warm,” 
or oran,y(' tmye; whiK* that K'th'ctisl from an opi'ii blue sky 
has a pi'c'dominance of ihe ia\s tound at the' other ('lul of the' 
s[)ec,trum, namedv, the' blue and Moh't. The'se' tw'o colouied 
hf^thts, the' oian^a' and the' bhnsh-\ lole't, a,i‘(' comple'iiu'ntary to 
each otlu'r, and wlu'n tlu'V aie* eombnu'd or “diltuse'dr to- 
pe'tlu'r the' result is a piiK' white* liydit 

Ckmpile'iiU'ntai y cole>iire'd it *W'ill be* re'iiu'mbe'ieal, 

*])i‘e)duce! w hite'iu'ss, while' with e'eimple'me'iitary 4-oloure'd e///c,s‘, 
or pujnuuifx, prewne'ss or black is jireieliice'd It wall be ob- 
se'rved, therelore, that the* eirdinaiw ditfuse'el dayhydit is gener- 
ally e)f a very fair epialit\ of whiteness, and we'll suited for tlie^ 
examination of ce)le)uis. * 

The<thpht retheted Ireem a white* or p^ure prey sky, from 
a hank e)f white' cloud, or that transmitted throuph certain 
de'pree's eif mist ofte'ii pre'vak'iit in Scotland, are all of a pood 
w'Jnte'epiality, wyll adapteal for the purpeise's of colour-matching. 

* § 14. The be'st month for pood suns) line is May, when it 
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reaches its inaxinmiu amount for tlu' vcnir. June, July and 
Au^^ist arc the' next ht'st months tor <juantitv, hut L;('n('rallv 
towards Au^uist the atnios])here and tlu' h^dit lieconu' hazy 
and duller in (luality As mi^^dit lu' (‘X}m'c((h 1, tin' darkest 
month ot the yi'.ar is Novtnnhei-, wln-n tlu' simlif^ht reaelus 
its winter mmimuin J’lu' sunshnu' elm, it i ('prescnitc'd iiHm^ 
hah been |)re])ared hv tlu' writcn I'loni tlu* aNcia^i' ri'sults 
of som(‘ thiily ohservm^^ stations throuydiout (TO-at Ihitain 
and Indand. Tlu' sunshiiK' lirrouydioiit oik* \ear.‘ eountin^^ 
the total as iOO, was found to Ix' as lollows -- 


January. 

Fol)niar> 

Maicli. 

Xpiil 

Ma\ 

Juui' 

3 

7 

15 

20 

to 

5 1 

Julv. 

August 

Scptiunhci 

(,)( tolau 

Novi'iulxu 

1 )('( cinlic 

0.0 

7S 

Si; 

95 

97 

100 


From these figure's it will h(' obse'rve'd that, of tin' total 
sunshine for the whole year, tlu' month of 


January gives 

3 per cent. 

Jiil\ goes 

12 p('r ( (Uit 

Feliriuiiy ,, 

1 

Xiigu^t ,, 

1 1 

]\Iarcli ,, 


Sei)tenil)(U ,, 

8 

Apiil 

u 

OcLolict ,, 

9 


14 

N<)\»Mnli(M ,, 

9 

June ,, 

13 

Deieinlxu ,, 

3 


Total loo 


From the above can hi' drawn tlu' chart, hhg h, which 
shows at a*glance the varying [H'lce'iitage's of sunlight fof 
the months of the year. It jiiight almost he take'ii to o'pn'- 
sent not only the {luantity of sunlight, hut the; qixfhfy, or 
purity of the light lor colour-matching piiiposi's, as th(' ])(!st 
months for colour ('xainmation aic^fiom Ajiril on to August, 
and the poorest ai^; those wln'ri' tlu' dayli^^it is scai^a' and of 
inferior quality, nanu'ly, from Octohi'ron to J k'ce'inher, January 
an'd February. From the chart it will lx* observed that there 

^According to Mr. 1£. N Dickson, F.K S K , in Tutus. Sco^ (u'txjt 
.4ssoc., 1893. 
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IS a Hiiniiiiiiin iii \viiit('r, from .November to Januaiy, 

then a st('a(lv m(ti-('as(‘ tbrouE^h tlu', s])rm<,^ months to*' the 
maximum ui May, i r, I4 jx'r c(‘nt. Tlum t.lierej comes a 
s(a;()ndarv mimimim m JuiKi and July, to a,uother maximum 
m vViiynst, wIkmi tlua-t' lollows a yu’cMt fall Irom IJ ]H'r cent.' to 



8 per cent, in SiyJemlx'r. A sliylil iiu r(‘a^f^ m October is fol- 
lowed by tlu' fall to tlu' \\mt('r minimum in November, the 
darkest montb in all tlu' wair 

lb. Diffused Daylight. -The matcliinyuit colours, especi- 
ally dyed on wool and silk, is a most 'difficult task in the dark 
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months of tho yoar ; hot tlu' (lv(‘r and co'loui- (dn'iinst can no 
ceive*invaliial)l(! aid dni’in^^ snch times from tlu' cli'ctra; arc, 
the Dufton-ChirdiK'r improvc'd matchin^f li^ht, and also tlu‘ 
ma^nu'sium hydit ddiesi*, liowm-er, will Ix' ciiiisideri'd m thi'ir 
proper placets amon^f the artificial illuminants (set' 57-31)). 
It will 1)0 ohsc'i'ved, tlu'rt'lort', liom what has jiist been stated, 
that IIk^ ideal davliyht lor tin' coloni -ma,lcli('i is a noi'lh li^dit, 
diirin;^^ th(' (‘l('ar months ot l\Ia\ a.nd diint', Ma\ ('sp('eiall\ . 

But, unfoi tunatelv, all practicaJ eoloiiMsis, siicli as d\('rs, 
calico printi'i's and coloni -nn\('i s, cannot wait loi uBal weatla'r 
to mat(‘h tlu'ir various shadt's, hni must imikt' a,s peib'ct a 
match as possible all tlu' \('ai louiid, -md in .ill soils o| (biv- 
li^ht aaid wa'aLlu'r. It is lu'ie th.il ima li (»1 tbe diHiciilt\ of 
coloui - malcliiny is ('\p('i U'liced, as nian\ ol I be d<' I k ate lasbion 
sluuh's all' found to alti'r coiisideiabK m ibe (lilleM'nt <|iialiti('s 
of davliylit TIk' wiiler, lor e\.im|)l('. has ollrii obs(‘i\ed that 
two sliadi's winch .ippeai a jx'i’b'cl imileb one d.i\ will ,ip[)eai' 
“off tlu' ma,t) li ' lli(' iD'xt dav, .ind tins dillieu!t\, wbicb 
sonu'times pto\('s exaspei a.t my, is expea K‘iiccd \ei\ olleii bv 
-.ilk d\'ers. Shades d\ed on silK. .as W(‘ shall obsei\e laha on, 
art' more' seiisitiM' to tlu' ( baiipes in the (pi.ditv ol liylit tliaii 
thost^dytal on aau otlu'i libie (soe 3.S- >) ) 

The follow in;.^ h'W bints, with tbe a.ssistaiie(' ol i1k' dia- 
jtrams, ma\ pio\'(' ol inltat'sl m tbe scletaioii ol the best liylit 
tor colour-malclnny. 

The (aicle (bdy. Id) Juav bt' taki'ii to repK'st'iit the skv with 
Its tour cardinal ])omts. North, South, blast and Wt'st It may 
readily he obseiwed wh\’ the noith liydit is sti'.idua and^morc 
reliable in juirity than that li’om an\ (?!h(‘i dn (‘<a ion 1 lit' liydit, 
in bemy^ retlccted, ^ thorouphI\ imxt'd oi (fitlusi'd, ami at no 
time of the day (am tlu'ie Ix' loiind llu' \ellowish oi oranyfe- 
tin^ed h^ht of direct siiiishiiK'. 1^5 om t lu' east conK's tlu' morn- 
ing sunhtfht, wdiudi is very oftt'ii ot a ruddy or “ warm hw3, 
and this changes considerahl\ the aspi'ct ol colours exaininecl 
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in it. From this ^direction, also, ponies the rosy-coloured 
light of the dawn, the beautiful Aurora, which, however 
pleasing it may*’ be to admire in an aesthetic sense, is never- 
theless a most deceptive light to the anxious colour-matcher. 
We shall have more to say regarding this light as we proceed. 

At midday the sun is due south, and shades cannot be 
matched accurately under its influence ; but the light from 
the east, as well as the north, may then be used for colour 
examination. It will be observed from Figs. 10 and 12 
that they are now both well-diffused lights. 



steadiest aud best diftusod. 

After midday the sun continues on its course to the west, 
md the direct or transmitted light during this part of the day 
3 thj^ most deceptive to the colourist, as it possesses a pre- 
lominance of the orange and yellow rays, which alters con- 
liderabfy the aspect of dyed shades, especially those on silk 
.nd wool. 

During this part of the day, however, from noon to even- 
itg, the light from the north, east and south-east are, under 
ordinary conditions, ail well diffused, and of a fair quality of 
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whiteness. It will be observed, thereforef that one window in 
& coldur-matching laboratory is not nearly so serviceable as 
three or four windows facing the different ^directions. At 
certain times of the day the colourist i|iust choose the 
windows best suited for his purpose. 




Simple diagrams showing best diffused liglit during the day. 

« 

Thus, in the forenoon, as will tie seen from the simple 
•diagrams, Fig. 11, ihe best diffused light comes frofn north 
and west ; at noon. Fig. 12, when the sun is south, the l>est 
light comes from the north and east ; in the afternoon, Fig. 
13, the best diffused light is the north, east and soutfi-e^t. 
'They may be tabulated follows : — 
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licst rf.ffiised JjUjlits fo7 Colour-MntcJiing. 

Fif,'. 11 . Forenoon == North an3 West. 

,, 12. Noon - North and East r 

,, 1‘). Afternoon — North, East and Soutli-East. 

From tho abovowe learn that a north li^^lit is tlie best for 
colour-niatehin^ thron^fhont the whole day. 

^ § lb. Direct Sunlight. — ddu' (‘\cess of red and oran^^e li^^ht, 
or wlnit aitists tinin th(' irdrmfli, in direct sunli^dit, Fc\s lon^ 
beam obs(0'V(‘d by colonrisls, imd its <dle<‘ts on tlui aspect of 
colours, es])('cially thos(‘ dual on wool and silk, are very 
decanvin^e Colonis bclonj^in^^ to tlu* l(‘ss rt'fraii^ible end of 
tlu' spt'ctinin, or, (b(' leds, oraii^u' and yellows, are all 
brijibti'iual and \cllo\U'd wben ilhnninatt'd with it; while 
thos(' Ix'loiioino to ih(' ollici end of lh(‘ speadrum, the blues 
and viohds, los(‘ ilu'ii clea,i bhu'iK'ss of hiu' and a])pear duller 
and rialdi'r A line s('ii(‘s ot biuo uaiiaal mauv('s, which 
ar(‘ violc'ls ol a bluish ca.st, wlu'u \ie\\(al in div(;ct sunshine 
a^jipeaiaal nioo' lilo' a ('lass ol niad^'Utas. ddu' blue rays 
ri'thaUcal b\ till such colouis as uokds, pin pies and mauves 
are lost in diua'l sunhebt, a.nd llu' prialoininaiKa' of oranj.^e 
ravs III llu' li^lil ^u\(‘s tlu'iii llu' ap])ea.rance ot bluish reds 
or nia^i'iitas h’or this reason sonu' of the finest colours, 
such as crimsons, blues, bluisb pinks, viohds and otbers of 
this (‘lass, eannot Ix' prop(U‘ly evamnu'j,! m the direct rays of 
tlu' sun. Flu' (dlia-t producial is similar in kind, thouj^di 
'much It'ss in di'i^Kac to that of an ordinary artificial illumi- 
nant, and is caiisial b\ tlu' (kdiciency m the li^^ht of the blue 
and violet rays, which aie lU'ci'ssary to show the true aspect 
of all, colours. 

Ordinary white sunli<.tht, as the reader is awai’e, consists 
of a marvellously balanced mi.xture of flitierently coloured 
h^dits — red, oran^i\ \ellow, ^n-een, blue and violet; but if 
the jiroportions of any of these coloured rays be altered or 
interfered with in the slightest, the resultant light is not 
white, but coloured by the predominating rays. 
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Thus, it a small of tho rod afrd oran<j:(' in* 

separated or detaoluHl from simli^dit, tlu' rcminniiif^^ 

rays combine to form a hlnish lii^lit If soirti' of tlu' blue 
and violet rays be separati'd fi-om white b^di|, tlu' usultant 
b^bt W'lll have a kmI oi* oranye tin^e, dui* t(» (Ik* j)r('dominanee^ 
of these rays. Il is ow 111,14 to this s(‘paiation. or what i'** 
termed intei ft'n'iua' " ol ib(' bliK* and \iol('t lavs in llit' 
liydit passin<4 tbrouyb tin' almospluae, that (here' ('\isls aai 
excc'ss of rt*d and oran^a^ ia\s in*tlie 1 1 aaisinitted sinili^dit 
The denser the atmo^plnnc' w, tlii' ;4iea,t(‘r wdl be (Ik- amount 
of bine and vioKd by lit m - para ted, and eonsiMinentlv t lu‘ 1 ('ddi'i 
will b(' the Iraiisinitlial liybl. This may be obsei\('d in tin' 
r(aliUNs of tln^ sun diiriny a d(‘ns(' toy. 01 w In'ii il is low on tin' 
hori/on, as at siiiii'isi' aaid siinset. I ndei diieel snnliylit 
bliK'S ol a soiin'wlnil i(‘d<lisb bin' beeoine l('dd('|•, appioa,('biny 
more a blU(‘ \ lolt t, W bill' \ lolets lose tbell pi ( >pei 1 ion n| bbu' 
and apjH'ar like tbe pm [)bsb 01 r('d \iolels 

Various la'aJitilul eompoinid 01 toitiaiN shades, sueb as 
soft yO’e,\s, butts, diabs, oli\(‘s, sayes, I'lc . show a, eoiisidei a,bl(' 
difterenec' in appi'aratiee in diieel siinliyiil. as tbe\ lose tin'll' 
bliK' and viok't eonstitueiits. Ibit one ad\antay<' ot tin' h'd- 
iK'SS ordii't'ct or tiansmiltc'd snnliylit is tin' tact that it bnnys 
out certain bttk' pc'cnliaritu's ol bin' in nian\ eoloiirs. wbieb 
miydit otln'i'wisi' escape' d('t<'ction ddn' oianyc'-tmyn'd bybt 

bnnys tbem out moK' dislnietl\. 'I’lius, xioh'ts ba\niy a * 
bluish cast, wln'ii eompari'd with those' baviny a le'elelisb e'ast, 
in a white bybt show pe'ibaps ve'i’V little' elistineitieui, but in 
tbe direct sunbybt tlu'V sinew' a miie'b yie'ate'i dive'rye'iiex' in 
hue; tbe blue^ vmlets beceeme' ele'e'iei'T ainl elulk'i, while'’ tbe 
reddish violets app(';*r cle'are'r anel re'dde'r. * 

Tbe sbyht ditierences betw-een blue'-yre'e'iis and ye'llow- 
yreens, or between redelisb blues and yreeunsb blueis are much 
accentuated ; the blue-yreens beconiiny duller, wdiile tli^ 
yellow-yreens become bri<^bter and yellow'er ; reddish blue^ 



^8 S c;pi;*OUR-MATCHING ON TEXTILES. 

become. redder in 'hue, while the greenish blues keep a clear 
green-blue appearance. Similar changes in the^aSpect of 
colours, but iiv a much greater degree, are produced with any 
of the artificial illuminants, such as gas or lamp light, which 
possess a great excess of red and orange rays. These, how- 
jpver, are specially considered in Chapter VIII. on the artificial 
lights. e 

As every practical dyer and colourist knows, there are 
many compound shades, especially those dyed with aniline 
colours, which are very sensitive to the slightest tinge of 
colour in the daylight. A few such shades will be found in 
the dyed pattern plates at the end (see especially Nos. 6, 

13 and 14), and if the reader views them first in good white 
light, then in direct sunlight, he will be astonished at the 
differences in their appearance. Dyed colours on silk and 
wool are far more liable to alter in hue, under such conditions, 
than the insoluble pigment colours painted or printed on 
paper. 

As we shall see, in Chapter IV,, the lustre of the fibre and 
the optical properties of the dye stuff both play a part in the 
abnormal differences in hue often observed in dyed fabrics 
under an orange-tinged light like direct sunlight, * 

§ 17. Blue Skylight.— The light reflected from the open 
blue sky shows a predominance of tfie blue and violet rays, 
and is, therefore, a complete contrast to direct sunlight. They 
are, in fact, complementary to each other. Blue skylight has 
the opposite efiect on colour appearances to that of trans- 
mitted sunlight. It deepens and enriches those colours 
belonging to the more* refrangible end of the spectrum, the 
blues, cyan-bluec and violets ; while the i^d, orange and yellow 
at the other end of the spectrum become dulled and flattened 
in their appearance. The blue quality of this light shows 
mariy of the colours to the best advantage, especially those 
t which o^Ve their characteristic beauty to the green and blue 
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light they reflect. There are certain gre^niif^h yellows, for 
example, ^uch as chinoline or quinoline yellow, uranin, nit- 
razine, auramine anfl napthol yellows, which s|jow a beautiful 
and delicate lemon hue m blue skylight, which is (juite lost 
in a clearer or yellowish light. Many of the lu'autifiil hues 
of bluish red, such as magenta, crimson, and tlu' pinks derived 
from th^i phthaleiiis, Eosine pink, Rose Bengal, Bhloxnu', 
Rhodamine, etc., appear to advantage in a hhu' skylight, as it 
shows up their delicate bluish liloyni winch constituti's tlunr 
characteristic beauty. 

It will he observed, from the foregoing, that direct sunlight 
'alld blue skylight are exactly opposite in tluMr pri'dominating 
hue and in their influence on colour appi'arances. 

This explains why colounul matcu’ials like dyed fabi'ics — 
wool and silks especially — change so much in their' nsju'ct 
when viewed first in the one light and tlu'ii imnu'diately in 
the other. The colour contrast of the two lights become.s 
very a])parent when objects m naturi^ ha})t)en to 1 k^ illumi- 
nated by botli of them at once, d’hiis, an obj(M‘t standing in 
the strong sunsliine is itsidt ruddy, or what artists ti'rm 
“warm” in hue, while the shadows, whicdi arc* illiimiiu'd only 
by tlu^blue skylight, are of a bluish violet hu(‘. 

This colour contrast is also mtensitied by tlaur Ixiing in 
juxtaposition. The different hues of ordinary daylight are 
shown often in snow scenes, and artists know how difficult it „ 
is to represent faithfully the surface of snow, with its many 
delicate variations m hue m its lights and shadows, arising 
from the “ warm ” direct light and the bluish reflected light 
from the sky. • 

At Fig. 14*we have a simple representation of the •nature 
of these two qualities of light. (A) represents the spectrum 
of ordinary white light, showing all the colours from red to 
violet in their normal intensity. The letters A, B, C, D,^tc.,. 
represent the well-known Fraunhofer lines, which are invaluably 
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“laiidmarlcs” to tl;;e scientist and colourist. (B) represents the 
spectrum of direct, or transmitted, sunlight, and shows all the 
colours from red to green-blue in their normal intensity, the 
same as m the spectrum of white light ; but from the blue to 
the violet end of the spectrum there is a deficiency or absorp- 
tion of rays, which is here represented by shading. It is this 


(A) (B) (C) 
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Fig. 14.— (a) Showing spectrum of pure wliite light, (n) Direct or trans- 
mitted light, showing slight absorption of the blue end. (c) Blue sky- 
light, showing slight absorption at the red end of spectrum. 

absence of the due proportion of the blue and violet rays 
that gives to direct sunlight its ruddy orange hue. 

Sjiectrum ((^'-) represents that of blue skylight, and shows 
the contrast to that of transmitted light (B). In blue sky- 
light the rays from violet to yellow, at the line (D), are present 
in their full strength, but, from the orange on towards the 
,,1’ed end V of the spectrum, there is absorption shown by the 
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■shading. The absence of the red ana o^angt'-coionred rays 
gives to reflected skyliglTt its hiinsli line From this simplt* 
diagram it can readily he understood how hhies and violets 
in direct sunlight (B) lose their hhuMiess and apjX'ar redder, 
while reds and scarlets appear dull and flat* when viewed in 
a blue skylight like that of (C). 

If, ^uring the summer months, it is found that the skylight 
windows of the matching lalioratory admit the* hluisli light 
reflected from the deep lihie sky* the slightest coating of a 
pure whitewash painted over the windows will greatly lit'lp 





Fig, 15. — Diagram .showing (c) reJlectcd and (e) transmitted lights. 

• 

to make the light purer and of a better (juahty for matching 
shades. 

§ 18. Interference of Light. — Before proceeding further, 
it may be well to consider briefly the cause of this difference 
in hue between the transmitted si^ihght and the refiheted 
blue skylight.* ^ o 

In order to illustrate this, let us take a glass beaker or 
tumbler (A) containing pure water, as in Fig. 15 . If a beam 
of white light (B) strikes the surface of the water at an angle, 
as shown in the illustration, the whole of the light rays 9^ 
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not pass through t]^e water, but a portion of them is reflected 
from the surface, and can be seen at \-he point (C). T^he other 
portion passes through the water, being at the same time 
refracted or bent, as showii at (I)), and can be seen as trans- 
mitted light at ])oint (K). The light reflected from the surface 
at (C), and that transmitted through the water at (E), are both 
white lights. 

If, however, we now add to tlu', pure water a few drops of 
some liquid that creates a sbght turbidity, a drop or two of 
milk, for (example, or of soap solution, or resin dissolved in 
spirit, a “ milkiiK'ss,” or opalescence, is produced. On placing 
tlu', glass against something dark or black, so that the iiipiid is 
seen only by reflc'cted light, it will be observed that the liquid 
IS of a decidedly hiu^ ; while the transmitted light, seen 

by viewing through the iKpiid as at (E), is of a dingy oravijo. 
hue. The turbid medium has “intca-fered ” with, or decom- 
posed, th(3 wliit(^ light during its ])assagt!. The inlinitesimal 
partickis, or globuk's, in suspcmsion m the li(]uid have the 
})ow('r of r('fl(‘cting tlu; bhu' and violet rays of the spectrum, 
and th(‘se aw scqiarati'd out and rcdlected back to the eye, 
giving the liciuid tin' bluish a])pearance. The remaining 
light IS transmitted through the turbid nu'diuni, and, ^ being 
dehcient m the blue and violet-(;oloured rays, assumes a dull 
orangy-red hue from the predominance of these rays. In 
other words, the transmitted light is white light, minus a 
proportion of blue and violet light, lost in reflection. In this 
simple experiineiit, then, we have reproduced, in a crude way, 
the orangy hue of the transmitted sunlight, and the blueness 
of the reflected skylight^ due to the dust particles in the air. 

In nature, w\^,ere we view these colours in their sublimest 
aspect, the atmosphere plays the part of the turbid medium, 
and the denser or more turbid the air becomes, the deeper 
orange or red is the transmitted light. This is observed in a 
.thick fog,wor when the sun is setting and struggling through 
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an increasing thickness of atmosphere. At such times the 
sun assumes a fiery red apj)earance like a hall of vermilion. 

The beautiful blueiie.ss of the sky is aterihuted to the 
opalescence of the atmosphere viewed against the dark 
background of infinite space through which tlu' world move's. 

We have already observed that if the; orange' transniitte^d 
light and the bluish reflected light ho re'-cemihiiied. the'y 
produce again white liglit. He'iicei the; fair ele'grc'e' eif white'- 
ness of the ordinary ditfuseel lightlif day (se'e' § lo), 

§ 19. Selection of a Pure Light — Kreim (he; ])re'ceding 
pages it must he observed that tlie se'lectiem eif a pure white' 
light IS a (juestion eif the utmeist impeirtaiua' tei ewe-ry ceiloiir- 
matcher. When the' light cainieit lie; eihtanie'd elire'e-lly fremi 
the north sky, by means eif reieif eir side; windows, jearticular 
attentiem must be paid to the' eiutward surroiinelings eif the; 
colour-matching labe)rate)ry. 

§ 20. Tf, for example', there sheiuld be' a e;e)nside;ral>le 
surface of green loliage m the* sliajic eif treics, shrubs eir fresh 
green grass immediately in freint eif the' winele>ws, the; lights 
which enters tlie laborateiry during simshnie', will lie tinge'd 
with a greenish hue retie^cte'd fremi the; surreiiindnig foliage. 
Lightfeif this ejuality flattens, eir ehills, all theise ceileiurs be- 
longing to the red end of the spectrum, oc., r(;ds, scarlets, 
orange and yelleiws. Some time; ago the; pre'sent writer had 
an experience with a light of this seirt. While e;xamining 
a selection of scarlets dyed on weiol, the;y appeared tei him 
much duller than usual, and wanting in vigour. Ye'llowsalso 
assumed a flatter or saddened appearance. After some iittle 
difficulty, it was found that a large; tr *e m front e)f the match- 
ing window was tlie^ause oi the tremble. Ihe tree stood in 
the full sunshine, and reflected into the remm a light strongly 
tinged with green. Such a light is unsuitable for careful 
colour-matching. In speaking of this, it may be interesting 
to mention that Tennysem^ who was always a keen observer* 
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of nature, alludes lieantifully to the greenish li^ht reflected 
from grass and foliage ; where, on the vvdiite chalk roof'of the 
hermit’s cell — 

Ttu'.gi.jeu light fiom the meadows underneath 

Struck up, and lived along the milky roofs ‘ 

^ § 21. It has been observed, also, that any strongly coloured 
surface in front of the niatchiiig windows, such as a red-brick 
wall, or tlu; terra-iaitta pamti'd side of a house, when illumined 
with sunshine, reflects a con.-^iderable amount of reddish light. 
Not only the outsidi^ surroundings, hut also the inside of the 
laboratory may r(!(|uire a little attention. No strong, decided 
colours should be used in [lamting the walls, Init a soft 
neutral grey will b(‘. found to havti the best eflect m the 
colour-matchi I ig n )om. 

In the dark months of tlu; year it is advisable to keep all 
the matching rcMjuinMl until the middk' of the day, when the 
daylight is at its best. fn the months of January and 
Nehruary the hg^ht in the afternoons, after tlu' sun has set, 
is of a very bliu^ (piality, as the only source of light is that 
reflected from the bluish grey sky. When the colourist is in 
difflculty with tlu? bad (juality of the light, and wishes to 
examine some shades, he will And the magnesium light of 
great assistance to him, if the electru! arc or the Dufton- 
Gardner light is not at his disposal * For the use of these 
iiluniinants m colour-matching see Chapter VIIL, §§ 57-59. 

§ 2‘2. Rosy Morning Light.— Though every colour-matcher 
and dyer knows that from forenoon to midday is the best 
time, to examine shades, yet this rule cannot always be ob- 
served. In the hurry rfnd bustle of liusiness, nowadays, we 
cannot’ wait patiently till the best part of the day to do our 
matching. During the morning of the dark months, from 
November on till March, the sky is often suftused with an 
orange or a rosy pink light — the Aurora — which, though 


^ Launcelot and Elaine. 
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beaiitiiul to look at, iiu^st mislojklm^^ n-sults to tho 

colour-matcher. Kvi'ii aii oidiiiaiy coal ^as llaiiu' looks white 
and pale m tlu^ I'osy hyht of a Noxomhei inoiiiiii;^^ d’his 
iniydit !)(' yuiessed from thi^ i-U(ld\ ai)p('aianev ol c'\ ci \ ( hiii;4 in 
such a h^dit : fac(' and hands assiniK' (juiD* a ros\ hue. Tlu' 
writer had a strikiny^ illustration of tlu' d(H‘epti\e cflects 'of 
this ro; y niorniuf.^^ hydit when I'xamimiiy a s('ries ol diffi'Kuitlv 
composed sliad('s Sonu' W(M‘e d\('d with tlu' iiatin al dvt'stulfs, 
while other shade's, malchin^y tliT' foriiK'r \('i\' clos(‘l\', W('i'(‘ 
dye'd with some of the anilines, fn yood da\li^h( tlu' s<'\('ral 
pairs ot shades \’('ry closely re'se'inhk'd ('ach ol lu'i' : hut to his 
astonishment, wIk'Ii ('xaimned in tlu' nioininy hyht, tlu'y 
pr('sent('d a totally dilk'H'iit appe'ai a,ne(', and not the least like' 
each otlu'r. 

Kor th(' cause of such didere'nei's in t la* h('ha\ loiii of ap|)ar- 
eiitly similar colours w<', must ('xainiiK' with tlu' spectroscope! 
the optical struct urt! of the d\('s tlu'nise'Ke's (S('(' ( ’hapte'r 1 X.) 

A ])air, which matclu'd close'ly m yood da\'ii;^ht, wi'i't' 
reddish drahs, d)'('d in tiu' one' case* with aichil, acid indium 
extract and fustic!, and the' otla'r with orange, pati'iit hliu', 
and an aiiiluH' red. fn the* luddv li^ht of the' mormiij^ tlu! 
first flhade presented a mssrt ajipe'ai aiice', while' the' otlie'r, 
dyed with the anilines, a])])ea,re'el a (irrcmsh dntb. Sue'Ji a 
quality eif h^dit, therefore, is epiitc' unsuitahle' for the' c'X- 
amination of dyed shade's. In twe) eir thrc'e' hours alte'rwards, 
when ^ood dayliydit had fully e-ejiiu', the* shaeles re'ferre'd to 
closely luatcfied each othe'r. 

Two dyed shades closely reise'inhhn^ m preiperties, and 
behaviour those just descrihc'd wall 1)5 founel in dyeid ])attorns 
Nos. 13 and 14. (tiee Appcmdix.) 

As such perplexiny^ phenomena are often observed by 
the practical dyer, we have studied them more lully under 
Chapters VII.-IX., when deahn^^ with the aspect of coleuyis 
under the artificial lights. 

t 
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§ ‘28. From what has been stated, in the previous pages, 
it will be observed that the quality of daylight forms k very 
important study* to every dyer and colourist who endeavours 
to see his shades tn their truest as])ect. 

Direct simlight or blue skylight, a rosy morning or a 
sunset, a warm hazy day or a dense fog, certain coloured 
surroundings without and within the laboratory, all* tend, 
more or less, to alfect a change on the true aspect of dyed 
colours, by altering the iiropbrtions of the coloured rays which 
they reflect. 



CHAPTER HI. 

COLOUR CONSTANTS -UUE — LUMINOSITY- PUKITY KXAMI- 
NATION OF BRKHiT COLOUJIS- AI 1) OF TINTFD FILMS— 
SIMULTANEOUS CONTRAST — MVT(TIINO DlFFKUU/riES 
ARISINC FROM CONTRAST 

§ 24. In iiiakin^f an examination of any colonr, tlu'U' are 
three outstanding^ characteristics, or what areU'riiKM] ( 
whicli claim attention. Tlu'se arc': (I) /oo', (2) I tt in 
( 3 ) imv'dif. 

Hitr — The hue of a colour is that (‘\c('ssive priMloimnance 
of one or two of tlu^ simple fundaiiK'ntal colours over the 
rest, and which ^nves it the distinf^niishm^^ colour s(;nsation. 
In common language it is simply undi'rstood hy tlu; term 
“colour,” such as a rial, orange', vioK't, grc'en or blue, ddie 
purest standard of fundamental colours is that of the solar 
spectrum, wdiere w^e find them all — red, orange'., ye'lleiw, green, 
blue and violet — m their ideal lieauty and peilectiein. The 
greater the predominance of any one eif tlu'.se in a eaileuir, the 
stronger is the kite of that colemr ; hut the eiriginal hue must 
always predominate. 

For example, orange is a funelame'iital ceilour, hut if it gets 
an addition of red to make it teiei reel tor pure orange, then it is 
an orange of a red hue; and likewtise, if yedleiwHie added in 
excess, it goes off from orange into a hue of yellow. *Tke pre- 
dominating colour alwags gives the chantcteristic hue ; and, 
with a little careful exammation, all the many seilt tertiary oi. 
mode shades can be simplified into dulled or “ broken hues 

A well-trained eye can distinguish the minutest differenoes 
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in hue, which are tuo fine to accurately describe in language. 
It is here that the skilled colour-matcher and dyer cati per- 
ceive differencesjn the hues of two shades, where an ordinary 
person would prcpiounce them to he exactly similar. 

§ ‘25. Matching the Fundamental Colours. — In matching 
t|^e fundamental colours, like red, orange, yellow, green, blue 
and violet, th(i colourist experiences little difficulty, ^as the 
many dyes of coal-tar origin, with their wonderful brilliancy, 
can supply all his r(M]uirem«nts Ik'fore tlu^ introduction of 
the aniline colours, however, it was impossible for the dyer to 
make anything lik(' a match to many of the colours, such as 
the brilliant greens, blues and violets; and ])ure colours like 
magenta, eosine ])nik, rhodamine and nudhyl violet were then 
(|uite unknown. Jhit the dilhculty of the present-day colourist 
and dyer is not in malching bright and luminous colours, but 
rather the dull tiudiary shade's, or mode hues, so much 
emjiloyed in tlu' tecxtile arts ddu'V are' often meist difficult 
te) match ae'eairalely, and we shall have' much to say concern- 
ing tlu'm in the' fe)lle)wmg pag(;s heir the examination of 
bright ceilours see', § 2h. 

§ 2(). Luminosity. —-^’his secemel coleiur characteristic, or 
ceinstant, is generally termed the hrightness, eir the cleavness, 
of the euilour, and is ehstinguishe'd by the amenint of light 
reflected tei the' eye. ddie meist lumin'ous surface is e)f course 
wli ife, whiedi re'fleH'Is all the incident light to the eyeg and the 
several fundamental colours have varying elegrees of lirightness, 
or luminosity, dolours eif a teitally different hue, such as a 
bright red and a green, may appear eejually luminous to the 
eye, and this is feiund ti be epute m ace*,ordance with the 
results ohtaineel )w measuring, with a suitable apparatus, the 
relative luminosities of (‘olours. The brightest part of the 
spectrum is the orange-yellow and orange; then come the 
greeiksh-yellow and the green. 

, FollovVing the green m luminosity is the orange-red, then 
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the red, blue-f^reen and blue are all equally luminous ; after 
which^come the blue-violet and violtU, the lowest in the scale 
of luminosity. The followin^^ tabh* shows, aeeordm}^ to 
Professor Rood, the rcdativi' dt'j^rta's of briLditness of the 
spectrum colours: — 

1 Oran}^o-H‘1R^\' (most luminous) 

i Orange. 

L (ii(.'(‘iush-\ello\\ and go'on. 

4 Orangi'-red 

I P»lue-gioen I ^ 

5 (Wan-blue .• (C'<)ual m lunnnositv). 

I ('Inn i \-ied | 

I I ’me r('d \ 

0 ( (C'<iual m lmniuosit\) 

7 1 Iti ainiirnn' blue 

S D.uk red. 
rdue-\loU‘t. 

HI Viob't (least luminous) 

We havt' alrc'adv obsei’xed that wIhmi liiphlv luminous 
colours such as scarhd, oi anwH', \ ellow , ma'^eiita, rliodamme 
and cosine pinks, (He., ao' \i(‘\\e(l loi sonu' little time, tlu‘ eye 
beconu's fatiwmed from t 1 h' ('.\ c('^s ol In i^dit-eoloiired li^dit, and 
is then unable' to (lislin^iii^h tlu' mee dilleieiua's m hue be- 
tween such colours. 'rhe\ all appeal (lullin' to tlu' I'yi'. h'or 
the (i.\aniination of such luminou's colouis si'c ’dh 

§ ‘27. Purity. —ddie punt\ ol aeoloin, which is the third 
constant, is its Iret'ihTtn Ironi adimvtiii <' w ith white hgtht, or 
with any othi'r colour 

The purest colours which can he ohtaincd aO' thosi' of the 
solar spectrum, iiroduced h\ tlu' (h'compositioii ol w hiti*. li^dit. 
If ordinary dyed colours and paints, whiidi ajipi’ar pure to the 
eye, be examnii'd aloii^sidi' tlu'ii * ( oriespondm;^ sp(‘ctrum 
colours, it will he obsi'iwed how thin and ’upioverisVied they 
look beside those of the spectrum. Xo ordinary dyirs can 
match, for puritv or bri^ditness, tlu' homoi^Han'ous colour^' 
of the spectrum, ddie reason lor this want ol saturaUon, or 
richness, in dyed colours is ^u'eatly owmgt to the •amount of 
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unchanged white l^ht, which is reflected from the surface of 

the fibres, or of the material on which the colours are dyed. 

The white light, mixing with the coloured light of the dye, 
causes it to become diluted and impoverished in purity. 

But a pure colour is not necessarily a bright or luminous 
one, for, as we have just observed, many of the spectrum 
colours, such as blue, dark red and violet, though perfectly 
pure, are not very luinmous. 

On the other hand, mai^y dyed colours appear very bright 
and luminous to the eye, and are yet not pure colours. 
Naphthol yellow and picric acid, for example, seem to the eye 
to be perfectly pure yellows ; yet, on examination with the 
spectroscope, the light they reflect is found to consist of a large 
amount of red, orange and green rays as well as the yellow. 

The beautiful aniline blues, which seem, to the unaided 
eye, almost as pure as the spectrum colours, reflect a consider- 
able amount of red, green and violet light. Indeed, it is 
very seldom we can find among dyes a colour quite mono- 
chromatic, unless it be in a strong saturated solution, or a full 
rich colour dyed uiion a lustred fibre like silk. 

There is no colour stufl, however, either dye or pigment, 
which has been found in all circumstances to be perfectly 
pure or monochromatic ; such perfection is found only in the 
spectrum colours. ^ 

§ 28. In examining the various dyed colours for their 
parUii of hue, it is necessary to have, for comparison, a series 
of typical examples of as pure hues as it is possible to obtain. 
As already stated, the solar spectrum gives the perfection of 
hues in their ideal purityi: but, as dyed colours cannot be made 

to matcih those y*! the spectrum, and as the spectrum itself 

♦ 

cannot be kept in the laboratory all ready-made for immediate 
reference, it is more practicable for the dyer to have a set of 
dyed swatches of the purest hues that can be selected, and dyed 
q\\ a fine lustred fibre like wool or silk. These fundamental 
colours can be made to range from The extreme red, through 
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the various gradations of scarlet, orange ^yellow, etc., on to 
violet. • Such an artificial spectrum of dyed hues can be con- 
veniently kept for reference and conijiariscwi, as occasion 
requires. It need scarcely be mentioned, als^i, that standard 
colours of all varieties must be carefully preserved from strong 
sunshine and dust. ^ 

§ ‘2^J. Examination of Bright Colours. - If highly luminous 
colours, such as magenta, orange, scark't, bright pink, (dc., 
be viewed in a good light, it is tound that tlu' eve becomes 
dazzled and fatigued from the contnuu'd action of tlu' bright- 
coloured light upon the sensitive^ colour nervi's of tlu^ ndina. 
When the eye is m this fatigiu'd condition it is unable' to 
distinguish the nicer differences in hue' among the colours 
examined, and requires to be restore'd to its normal condition 
again, either hy rest, or by viewing the colour compK'nu'iitary 
to that which has produced the fatigue. 

For example, when a number of highly luminous colours, 
such as scarlets, rhodainine pinks, oranges, etc.., such as loiind 
on dyed pattern plate 1 (see A})p('ndi\),are viewed lor sonu' little 
time, it will be observed that tlu^y lu'ceme gradually duller in 
aspect, and many little differences in dejith ol toiu' and hue, 
whicl^ were perceptible at first, become no longi'r visible. 

The colour nerves, or “cones,” of the n^tiiia s(;nsitive to 
the red rays have beccfiiie exhausted from their ov(ir-excite- 
ment, and are no longer able to respond to the influence of 
the red light ; and the eye spontaneously calls up the com- 
plementary colour, namely, greenish-blue. (See Chajiter I., 
§ 10.) On turning the red-fatigued eye to a sheet of white 
paper, a greenish or bluish-coloured •after-image, or impres- 
sion, is visible. c * 

This “successive contrast” of colours, as it is termed, is 
observed after viewing any bright hue, and arises from that 
sympathetic action of the colour nerve fibrils, or ‘ cities, 
present in the retina, as alreadv described m § 10, I^ge If 
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When the colpurist has a number of such bright hues 
before him to examine, it is necessary to provide for this eye- 
fatigue by fiavjng a ])iece of material beside liini of a colour 
complementary to those he has to examine. When the eye 
becomes fatigued, a short look at the complementary coloured 
^material (juickly restores the v.yr to its normally senisitive 
condition. ^ 

This jihenomenon is well known m dyeing and textile 
departments, where hrigl^t. (X)lours hav(', to he carefully ex- 
amined for a kuigthened period. In the Tnrkey-red ware- 
houses, for (ixampl(!, those overlook('-rs whose duty it is to 
inspect the dyed pi(H;(',s are sujiplied with a piece of green 
coloured material, at whudi tluw must gaze occasionally m 
order to restore the K'tina to its normal colour-sensitive con- 
dition. 

following coinpK'iiu'ntarK's may he found useful for 
restoring the (W(' when colour latigued : — 


Ihli/h/ ColoKistDid their ('oin/ileiitenfiii les. 


( rrCL'll-blUf' 

Tur(|iK)ise-blu(“ 

Hluo 

Viob't-bluo 

Itcddisli-pin’pb' 

13lu()-',neeii 

(Irtu'ii 


to Iteds and Seal lets, 

,, ,, Oiange and Oiaiigo-ycllow. 

,, ,, ^ (dlow, 

,, ,, ( ireenisb-yollow. 

,, ,, Kniei aid-green. r 

,, ,, (’riinson 

,, ,, ll^iodaminc pink. 


If we gaze for soiik' tmui on the bright colours to he found 
on plat('- I of dyed patterns, he., (1) Scarlet, (2) lihodamine 
pink, (d) Red, (4) Orange, the eye will readily experience 
colour-fatigue; and, hy viewing a sheoit of white paper im- 
mediately afterwards, 1 th(^ compUuuentary hues, or the 
“ successive co^drast ’ ])henomeua, will he observed. 

§ ;]0. Aid of Tinted Films in Matching. — But a much better 
method of examining such bright hues, whereby the discomfort 
of e«7e-fatigue can be avoided, is by viewing them through 
^^lass, or*- a gelatine him, tinted bluish-green. By looking 
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through this blue-green coloured inedmin '^ht' vyc is veheviHl 
of any fatigue, and, at the same time, tlu' colourist can make 
much better examination ot the colour'^ h\ ibis way a 

more correct ludgment is obtanu'd, as tho bright hues are 

( 

so “ saddened” down that they can be \iewed k'lsui'c'lv, and 
many little dihmenci^s m hui' and iinevc'imess, or im|H'rf('ctions^ 
in the d^'eing or printing, can b(Mlet('('t('d, whicli would otlu'r- 
wise escape the naked eye. 

As an example ol how mucb (Jianged in appeal anct' the 
brightest colours beconux wlum \iewed throuLdi a. grcnai lilm, 
we may cite the following: — 


ycnnidl Colon). 
Bright Scarlets 
Oranges 

Kosines (vollowish) 
Kosincs (bluisli) . 
Ithodamiue Pink 
llobc Ikaigal 
I’lllOMllC 
Purplish Beds 


.ls/)c<7 iiiidio t:lnisli.(ii('t II I'lhn ' 
Soft ^had<'s of Pipow n 

Olddold 

,, ,, Ihnkoli-hiowii 

M.igciiiuor Ki'd Violets 
,, ,, luMldi-h \ loletv 

, „ IH h Plin Vl-.lets 


ddie brightt'st and most dtizzling ol eoloum, siieli as the 
rhodamine and (‘osme pinks, wliieli lettdilv httigiu' tlu' eyig 
are transformed, undtu' tlu' gi ('en-tinti‘d medium, into liraul ilul 
shadefiof blue-violet, that etin bi' examnual Kasuiely lor any 
length of timcx On dyed pitUern ])l!ite 1, m Appendix, au; 
four bright colours, wdiit^'li, il tlu' dyt'r ('xaiiinu's them tliioiigli 
a suitable lilm, will illustratt' tint (dh'et. 


No. L IS changed to a brown, ‘2 into ;i ^di Mol(‘t, 8 into a 
dull maroon, and 4 into a solt old gold or einnamon shadte 
As we have already stattal, in § 211, the most luminous 
part of the spectrum is that exteiiding^iom seal k't and orange, 
through the yellow ^to tlie yellow-green L', tlu'rt'hfi’t', we 
have a coloured film,’ or glass, which absorbs this bright por- 
tion of the spectrum, we will have a suital)le medium foi 
examining all highly luminous eoloui s. 

' For the absorption spev’truin of tins green Him 1 ig. IH (P) 
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The writer finds that gelatine films, coloured with a solu- 
tion of the blue-green dyestuff, technically known as China or 
Malachite green (tetra methyl diamido-triphenyl carbinol 
oxalate), admirably suits these requirements. 

By examining the absorption spectrum of this dyestuff, 

, as shown in (B), Fig. Ifi, it will be observed that it absorbs 
the most luminous parts of the s})ectruni, ranging froi.n cherry- 
red, orangij, yellow and yellow-green. It transmits a little 
extreme red, and all the green, blue and violet rays. 

Such a tinti'd medium will be found of much service to 
the colonr-matclnn* when making a careful examination of 
his bright pinks, reds, yi'llows and oranges. 

§ 81. Siiihdlfaneoits Contrast of colour is another in- 
teresting jilieiioiiKmon nujiiirmg the attention of the colour- 
matclun*. Shades may appear considm-ably altered in hue if 
they are placed m (dose juxta})osition to another (M)lour, especi- 
■ ally if that colour be a bright and (hjcided oiu^ It has already 
been observed, m § JO, that, after viewing for some time a 
liimmous colour hlu'. bright red, th(‘ retinal nerve tilirils sensi- 
tive to red beconu'. exhausted and inactive, while the other 
two colour nerve fibres, i.e.y the green and the violet, act 
together and produc(‘ the sensation of seeing a compleiuentary- 
coloured, or blue after-image. In the same manner, if a small 
piece of white paper be placed m the’lmddle of a bright red or 
scarlet coloured ground, the white paper assumes a bluish 
aspect. If the ground be of a bright rhodamme-pmk, the paper 
will assume a green tinge. If a green coloured thread be 
placed upon the same pink ground, the green will appear of a 
much purer and bright»jr hue, while if the same green thread 
be placed upon* an orange ground, it will assume more of a 
bluish-green hue. 

Again, if a carpet or calico print pattern consists of a 
seri<ss of black spots upon a bright green ground, the black 
oVill apphar to the eye of a reddish or rusty hue, and not a 
pure ' blaijjk ; but if the ground be a red one, the black will 
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assume a bluish-blaek appearance. Such (iittert'nces or pecu- 
liarities •are "reatly intensified if the coloured materials he 
strongly illuminated. 

It may readily he observed, therefore, that tiu' colourist^ 
who matches his shades m close proximity to bright colours, 
will bfteii ('xperieiK'e some dilhculty m getting the exact* 
shade d^.sired. They must bi^ slightly altm-ed, mon' nr h'ss 
according to the mfluenci' of c,olour contrast cxcrttsl by tlu' 
bright colour m juxta])Osition. • 

It was phenoiiKuia lik(‘ tlu^si' that gave ris(' to complaints 
and difficulties m the selection ol the right shade's for some 


\ 13 C I) K h' (i U 


RED 


1 ORG 1 

tELLOW 


GREEN 

BLLE 

VIOLET 

RED 

1 


III 

1 P: 


GREEN 

BLUE 

VIOLET 


Fid. 1() 

(A) Solar spectrum. 

tB) Spectrum of a gelatine lilm dyed wit li Cliiita green, showing absorption of 
the luminous < olours of tlu' sped nun, le, from si arid and orange 
to yellow -green Hence its use as a mcdinin foi examining hiiglit 
colours (See ^ .30.) 

of the famous (lohelms tapt'slries in the royal manufactories of 
France. Complaints in n'gard to certain colours had heen 
made, and the matter was brought undt'r the notice of the 
eminent French eoluiir-chemist, M. F. Chevreul, who w'as 
then director of the dyt'ing department. In his vahiahle 
work on the Principles of the Harmony and PoiUrast of 
Colours, he tells us that “ while \\t was endeavouring to 
discover the cause the complaints of certain pigments 
prepared in the dyeing laboratory of the (ioheiiiis, he soon 
satisfied himself that if the complaints of the want of 
permanence in the light blues, violets, greys and brawns 
wgre well founded, there were others, particularly those of* 
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the want of vi^foio- iii the blacks (‘iiiployed in making shades 
ill hliK^ and viok*t drapin'ies, which had no foiihdation ; 
for, after ))ro(^irin;4 hlack-dyi'd uooU troni tlu' most cele- 
hrated k'reiH'li and oth(‘i’ w'orksliop^ — a,nd jH'rcaMvin^^ that they 
liad no siipc'iMoi itv o\{‘i‘ thos(' dyed at tlie (fohehns — ht^ saw 
.that tlu' want of vi^anir complained of m tlie hhicks^' W'as 
owmjj; to the colnnr tn\rf io ihrm, and was diu;^ to the 
pluaioiiK'iia oi coofrusl of cofout's 

(du‘vi( 3 ul tlu'ii saw that, to lullil th(' dutu's ot dircajtor of 
tlu' dyi'intt de|)artm('nt of the (lohelms, two (piit(‘ distinct 
d(!partments chiiim'd his attc'iition -oik' tin* cla'iiiistry of 
dyeiiif^, and tli(‘ otlna' the study ot the moditications oi colour 
due — as lu'. has siiua^ taii^dit us — to tlu' law of contrast. 

§ d'J. .V (Colour may appiair rich an<l saturated m oiu' pattern, 
and yet appcNir dull and wantin,n in \i,uoui wlu'ii put into 
anotlu'r patti'rii Avith adilhuiait scluaiu* of colourm^^. Dyers 
and colour-matchers hav(' oftiMi l(‘a,rn(Ml from (experience that 
tlu'ir c()lour ri'cipi's Kapinn' to !>(' slightly moditic'd to suit 
dilf(U'('nt colon I ('(1 j)atterns. Some' ot tlu' colour inj^redients 
hav(' to he mcn'asi'd, or diminished, m ordi'r to adjust the shade 
to its rc'cjinrc'd aspiad, if it is to hi' placed m juxtaposition to 
some hri^ht oi decKkal colour m tiue pattern. 

Cluwri'ul ^u\(‘s us an mstanc(e of this, which is, no doubt, a 
common expc'ru'nce w ith (ev<‘ry prac^tical colom-matchcr. A 
printinj^ firm had a vc'ry ^aod ix'cpu' for makm^^ a bright 
green, which was always found to he successful until, in one 
pattern, it aj)])(air('d considerably yellowau' and wanting in 
grcien. It was found, howawer, that the poverty was due, not 
to the green colour itself, but to the intlueiua^ of a blue ground 
on winch it wts printed. The blue, 1,'y etlect of contrast, 
tended to make the green yellowish m appearance, and it 
was only after an increased portion of blue was added to the 

i 

* 'See preface to Chevreul’s Punciples of the Ha}moi7y and Cofiiiast of 
tCmoun^. 
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green to counterac't this eltect that the' ;^rt'en assunuMl its 
usual bdhuty. 

In matching t('\til('s in winch tluncart' a inrinlH’fof hnglit 
and decided colours in juxtaposition, it is a(^Msahl(' to draw 
out a few of tlu' colourt'd thrixids ol (ln‘ fahnes, so that 
they Inay lie isolati'd fioin tlu^ inihienci' of siinultaiu'ous con-* 
trast. A more siuatc'ssful match can tlu'K'ln he ohtaiiu'd. If 
threads cannot he rcino\e<i from tlu' lahiic, tlu'ii the colour- 
matcher w'llMind much hel]) h\ ('rtiplo\ mg small gre\-tmt('d 
masks such as r(ipr('s(Mit('d m hdg 1 7 . or pK'ces ol lu'Utral gr(\v 


P 

hJ 

NEUTRAL GREY 


Fio. 17 — Frroy ma^k for isolatiiit^ colmiis wlion mati on hoghtly 
fabrics 

paper having a small hole m the' centre. Oiu; of these can he 
placed on the textile^, fabric ovi'r tlu' colour which is to he 
matched, and the ohserver si'cs only tin; luxa'ssary colour*sur- 
rounded by the neiitial grey of the imisk. 

By this simple (jevice tlu^ colour und(U’*examination is 
freed from any surrounding influeiua's of contrast. The 
masks may be tinted light gi’ey, mid, or de(‘p grey as dgsired. 
In matching dull or sombre-coloured fabrics, where all t^ 
shades in juxtaposition are of a subdued tertiary nature, such» 
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pr(3cautioiis are uii necessary, as the shades, bein*^^ all dull, do 
not f^dve rise to any contrast eflects. 

Several cobninsts liave investit^ated the ettVcts of simul- 
taneous eonti’ast, or this mutual iiitluence which contiguous 
colours (!X(irt upon oik; another, and the; n'sults, obtained with 
the more important fundaiiK'iital hues, are given in the 
following tal)l('. 


It is worthy of not(' that all thc'se O'siilts agrea' perf(3ctly 
with th(' \ Oiiiig- 1 1(4niholt;., or red, givnui and viohg, theory of 
(iolonr. (S('e h ) 


( '(llolll S III jll I td jtosit Kill 

1 . 1 ■ • 

\ ( )i angc 

f 

\ \ ('llnw 

j. I 

\ P.liK'-^^rrcu 
I H«i 
I Bhu' 

5 . I • • • 

t VioU't 

/OnuigL' . 


U. 


I Orange 
\ (tu'i'n 
/Oiaii'^o 
t (’\ iiii-hliU' 

I ()ran<^e 
t Viok'L 
I ^'ollow 
I ( lU’i'll 
f Yellow 
\ Ovaii-bhie 
( ^'ello\v 

1 intrainaniu' blue 

I (iieen 

i'Oluo 

(Oreen 

I Violet 

j ( irreenisli-vellow 
'I Violet 
j Bliu' 

\ Violet 


( 'Ikukic <Iii(' (i) ( onh asf. 
niclmes to be [luiplish 
,, M'llowisb 

,, purplish. 

,, gieeiiish. 

,, biilliiuit 

,, brilliant. 

,, oiange-ied 

,, gieeiiish 

,, oraiig(’-red. 

,, bluish. 

,, oi angered 

,, gri'oiiish-ycllow. 

,, ied-oiang('. 

,, bluish-grceu. 

,, brilliant. 

,, brilliant. 

,, \ellowibli. 

,, liluifeh. 

,, oiango-yellow. 

,, bluish-green. 

,, oiange->ellow. 

,, blue. 

,, biilhant 

,, brilliant. 

,, \ellowish-grcen. 

,, purplish. 

yellowish-green. 
,, purplish. 

,, brilliant. 

,, brilliant. 

,, greenish. 

,, purplish. 
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Bearing such facts in mind, we can und^'rstahd tlie danger 
of having in a standard pattern, or swatch hook, a miscellaneous 
collection of shades in luxtaposition with each other; drahs 
side by side with grei'iis, janks Ixsidt' hhu's, or olivrs beside 
reds. It would he well-nigh impossible to get a good match of 
any ^oft shade which was in closi' contact with a bright,^ 
luminoi4s colour. 

Swatch hooks, tlu'r(‘{or(\ should h(' m) arranged as to hav(' all 
the colours classi'd togetlicr — drahs^ilni'^, nals, \tIlows, gn'cns, 
etc., all by llu'insdvi's—and in this wav the d<'C('pliV(‘ cdtects 
of colour contrast aie a\oid('(l In matching certain shade's 
in colour compositions wheir'tlie coloms cannot Ik* separated, 
the neutral tinted mask, a^alu'ad\ dc-se-i iht'd, will pio\(' useful. 



[V. 


KXAMIN \TI()N Ol-M'Ol.Ol’ltS in llKl-’l .l-;('TI':i ) WD 'I'K \NSAl TlTEl) 

MdHTs -i-:i''Ki%('r OK N'riii': xnd i’k \nsk \ iii‘:N('\ ok 

KlliKKS OIO'K'AL N \'ri' III-: OK ON l';s'rKKK> -CoKOl K-MODl- 

KVINO INKKl l-’-NKKS l\ |)^l':l• I'KA'riLKs 

55 ^rii(' colours ol (lv(‘(l \ ,in A (Hid lal)i ICS ai’c ;4cii(M'ally 
(.'xainiiu'd by (avo nu-tlioils, luniu-lv, bv I'l'iJcrlcd and by //v//cs- 
ntith‘il liylil. ( IriiiiianU \\(' see all c()lourcd objects by 
r(‘fi('ct('d liylil. d'lu' eolourcal lavs, i('lleeled lioiii tli(' sur- 
faoo of till- iiLi,l('iiaI, are K-ci-oed bv tbe e\e ill lookitiy^ 
ilpoii if 

Hv ili(' Ituhisiiiifh'tl liLjbt nu'lbod. llu* d\('d nuiteiial is 
held up towaids the liybl on a, lc\(‘l with tbe (-u-, a,nd in such 
a maiiiK'r that (lu- ob-,er\i'i s('es the eoloina-d liyht trans- 
luiited throuyb the sui laia' fibi ('s o( llu- inateiial. 

ddiis latt('i' inelbod is spc'ciallv iiscdul when llu' shades are 
dark and strony in loiu', siadi a,s dia-p na\_\ bhu's, blacks, 
maroons, dca'p oli\ (-s, clarets, browns', viv 

As these twai nu-thods ari' beinjt continually employed and 
nd'erred to hy ('very colourist, it may Ix' well to th(‘m 
more than a })assinp notua' 

ItKKLKtM'El) LKiHr EXVMIXA'rjON. 

In '‘hdpj. IS w(' hav(i an illustration of an experienced 
colour-chemist in the laboratory matchm^^ his shades by the 
ordinary “ retlcctiul li^ht ” method, Tlu' rays of h^tlit strike 
straight dowui u[)on the dyed material ; a certain portion is 
rellected unchan^nui from the outer surface of the fibres, while 
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the wool, and is there deprived, by the peeuhar and char- 
acteristic action of the dyestuff, of its ycillow, green, bl*ue and 
violet constitiK'iUs. 

After und(;rg()i,ng this ])roc(!Ss of (fJjsorpf ion , the light is 
reflect(^d out of tlu^ fil)r(^ no long{'r whit(' light, hut white, 
irjiius its y('ll()w, gns'ii, hhu^ and viohd rays ; which leiWes 
only the ri'd and orangi; oi' searKd, to Ix' ndhx'ted to tile c'ye : 
henei; the origin ol tlu^ se-iirh'i colour. 

In this inaniK!!- the light r('llect('d to th(‘ (*yc, after pene- 
trating to a (u'rtain dc'pth ol tlu' coIoukmI fihies, is similar to 
that ohtaiiKsl l)v passing th(‘ same light through a glass con- 
taining a solution ol tlu' dv('stulf. 

It must olten Ix' ohsi'rvisl, howevc'i , m VH'Wing the 
solution ol a dvi'stull, say, for exaiujilc', Ixosine ])mk or 
lihodaimiK', that, if :i \('iv shallow or diluU' solution he 
viewed, the pink Ix'c.oim's di'cak'dlv hlui'r . wink' if the depth 
or strength ol tln^ solution Ix' incnxised. th(‘ luKi of tlu' colour 
becomes much r('d(k'r, appro. u*hing inoix' to a scark't. 

:I4 d’liis same ]»h<'noim'non (which W(' shall considiu' 
under dichroism, 11) is ohsc'rvixl wIh'Ii such dyestuffs are 
dyed u]x)n a ti ansjxiri'iit lihix' with a goixl histix', likt' wool 
or silk, and compaixxl with tlu‘ sanu' c.olour dyixl upon a 
less transpari'iit and lustr(4i'ss lihix' like cotton or linen. 

An ('osiiK' pink is always rc'ddi'i on wool or silk than on 
cotton, h(xxiuse the light can peiu'trate to a greater dejith in 
a transparent lihre lik(‘ silk or wool than m tlu' more or less 
opaque fibre like' cotton. In vu'wing by the ordinary reflected 
light. method an cosine ])mk dyed on wool and on cotton, it 
will be observed that tne cotton dye is bluer m hue than 
the one on wo'r)l, Ixxaiuse tlu‘ light in the former fibre 
cannot enter to any grcxit depth, and liecomes reflected with a 
bluislT^hue similar to a shallow solution of the dye ; while the 
\\i(^l, beiqg more transparent, allows the light to penetrate to 
a greater depth, and, therefore, when it is reflected it assumes 
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more of a red hut\ ha\iii^^ had its l)lu('r -avs al>sorl)ed in its 
furthet passa^a' throu.i^h tin* dved tihoa' In tins manner it 
resembles a ^O'c^attn' (h'fitli ol tlu' d\(' solution. 

As the lustre and tianspaiencv ol a, lihu' alh'ct, to a Ltreat 
de^^reiu tlu* aspt'ct ol the dusl eolonr. and mcKsi'-i’s tlu^ dilh- 
culfies 111 eolonr-matehin^e tlu'\ will hi' ronsidi'n-il spi'eiaUy 
(see d 7 , dS). 

55 do Transmitted Light Examination. 'I'liis nuthod, 
which IS soimUiiiK's li'niu'd “o^'ihaiid" nialchni;,U is \('i\ 
ser\ie<'ahl(' lot showinjj^ 1 (» the coloinisl disinictions in hiU' 
which ar(' impi'Ka'jitihh' in llu' oidmai\ u'lli'cli'd lii^ht, or 
uiid('rhau(L" nu'thod In ('xainmniL: the daikiM’ sluuK's of 
maroons, puce, elaaei, brow ns, naw hlucs, di'cp sa;4c-ci'('ens, 
blacks, etc . this nu'thod is nidi'cd iiidispons.dilc Tlu' two 
dyed s[)t'ennens undiu- (‘\aminat ion aii' held up to the li;^dit, and 
the in vuws in,u alon;^ tlu* stii’hua' (y| (he matia lah secs only 
tlu' coloured licht, which is I ransiml t('d ihioii^h tin' lihri's on 
till' surlac.e, as shown in h’l^s. ID and DD In this manner the 
sli^hti'st vai iatioiis in the hue ol the\('i\ (l('(‘pest shadi's can 
I'cadil) he ohs('i\ed, which it would he impossihk' to detect 
by sini[)ly lookiii^^ dow n and \ icw inj^ the inati'i lals liom above. 

I<i kVu ID till' dyi'il swatches aie pul over tlu' Im^^er, and 
the eye ol the colourist at (A) lattdu's the heaan of li^dit (H) 
which IS transmitted acioss thi' dv('d lihies. In h'lo. o() vv’c 
see till' practical coloui'ist holdm^j; it)) to the li;^dil his linc(‘i', 
over which arc the shades he isma,tchm;4. as in Imc. ID 

The dved colouis also assiinu' a iichni'^s, moi'c ri'semhlin^ 
stained-, i^dass, which cannot he obtained hv I hi' relh'cti'd li^dit. 
This richiK'ss and satuivation ol hu^ is owm;t to the absence 
of the usual vv hiti'^li^dit, vvlindi is aJvvavs pi«-seiit in n'fiected 
li^ht colours, and is, theridoii', idi'iitical in natuie to thi' unsur- 
passed richness ol cokun ohservi'd in vu'vvm^f stainiai-clabs, 
transparent paintings, or colmni'd lilms In all lUasl lahncs 

’ Tln^ cfToct IS also 1)\ tht; Huorcsceiu'C of sucli d\es as the 

Eosines. (Seo page GS ) 
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there \h refieetcul t(j(»the eye, alori^ with tlu^ coloured light, a 
large })roportion of uuchaiigi'd winte light from the fhirface 
of the hhroH of the. mat(‘rial, and tins white light, comhining 
with th(i colour('(l light, giv(*s an iinpoviinsluHl and poorer 
look to the colours. 

A sim])le exain])le ol this may hi' observed in the heaViti- 
fnlly rich grei'ii light winch is transmitted through the* green 
leav(^s of a tree when thi^ sun is sinning through them. ]^nt 
whim the same Kaivi's ari' \1(«A( d hy ri'fh'cti'd hglit, or., viewed 



Fj( 3. 1'.) — Dia^frani illustru,iiii>^ “(ncilnnul” or tiansimttrd ligliL method of 
e\ammin}^ d\i’d matt'iial'3 ( \) of ol)s(‘r\or (Pi) Diicotion of lif'ht. 

on the snrfaci', the green looks dull and di'ad in comparison 
to its transmitted hglit cidonr 

The 'snrfaci' itd' the leaf retlects much white light, which 
impairs the richness of its gri'i'ii colour, and gives to it a more 
or less chalky appearance. If the surface of the leaf he covered 
with rti^growth of nnnnte transparent hairs it will rellect more 
w^li^.e hght^' and present a silken aspect w’ith only a faint tinge 
of the green. 



TR.^^SMITTED LIGHT MAtChIN^^J ' .^5 

In the same manner, roiij^h surfaced fy)res, which scatter 
the in(?ident hf^^ht m all directions, never dye so rich and 
saturated colours as tliose transparent and lustn^i fibres 
which transmit a certain amount of h^dit. 



Fl(r 20 — ColounsL nuit( li\ “ ovrt hiuid ’’ iiMihod 


§ 8(). An important l('atur(‘ m rej^oird to /oaUJiin^^ hy the 
transmitted lijjjht method is the fact that the ('\])erienc(‘.d 
textile colourist can often tell wheth<*r a shade is dyi'tj with 
natural colour stuffs or th(‘ ainluu! dyes ^ * 

For example, ^the natural colounn^f matters such as arcfiil, 
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fuHtic, (|iU!rcitroii ihark and others all appear duller and a 
trifle rciddei’, on vuiwin<4 overhand, \vlu;n coni])ared with snuilar 
hiU!s dyed with' tlu' anilnu* derivativi^s, whieh ha\’e a clearer 
and hi'i^diU'r hue wIkmi so ('xainiiu'd. This is ('specially 
noti(‘.('ahl(' 111 sluuh's of olive inad(' with hark-yellow and 
nidi^fo-hlue when eoinpar<'d with shade's niatehin^f |.heiii 
clos('ly and dyc'd wilh aniline oian^^e and peihaj)'. wool ^uveii, 
cyaiiiiK'-hhu' oi anilim' ^ie\ . 

An int('r('stin^' ('\ainplek )f 1 his was ohsei \ed in two shades 
of reddish te-rra-eotla nialehin;.; e:ieh other eloselv on looking 
down u])on iIk'Hi Oik' was dv('d with fustic, azo caiiiiine 
pink and alitlh' anilnu' ;;r('y ; and the other was ])rodiu;ed 
with [lati'iit lustiiK' (a hiow nish-ye'llow dw'stulY) in ))lac(' of 
the fustic, d'hou^di tlu' two slnuk's w('ie (piite similar by re- 
fl(a;t('d li;(ht, oi “ undi'rhand,” th('\ W('i(' found to show’ a 
coiisi(l('rahle dilh'ri'nee' in hiu' hy th(' ‘’o\ei hand " ('\ami nation. 

shade' (lye'd with liistie showe'd a \c\ \ (h'cide'dly yellower 
asp('ci hy traiisiiiitO'd liyht than tlu' (»ne d\ed with jiatent 
fustiiK', which pi('s('r\{'d an iipp('arane(' similai to its under- 
hand colour Niuiu'ious ('xainples mi;^ht he j^inc'u to show 
how the transniitt('d h^ht nii'tliod ol ('\aimnation may reveal 
c('rtain littk' optieaJ pe'cnliai it U's po^si'sse'd l)\ llu' dyestuffs 
('luploye'd. 

As a ruh', tlu' Ix'nzidiiu' or dianuTie dvestuffs ^uv(' shades 
which look noi'iuaJ h\ transimtt('d li^eltt, hut dych which 
]K)ss('ss aii\ sinking; optical prope'rt U's, such as fluorescence 
or diehroisiii is('(' 11 , hi), appe'ai shyhtU altered m hue by 

lookvit^ throii^li llu'u Muiaee' lihu's l)\ trausimtle'd li^dit. 
lAir instance, a, hii^ht V'osiiu', which is stron^d\ fluorescent, 
shows'a m()r(M)ran^<' oi U'llowi'i as[aa‘l wlu'ii viewa'd hy 
reflc'cted li^ht than hy ov('rhand 

This IS owinj^ to tlu' oran^(' hue of its fluorescence show- 
ing ifself, and imn^lin^^ with the reth'cted light colour; while, * 
h^ viewing ovi'i'liand. tlu^ transmitted light (•ontains none of 
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Us fluorescent C(^l()ur . hence th(‘ nl>srr\e»' sei's. in tins wav, 
the hlrtish hiu' of tin* eosnne 

In a snnilav maniun’, dvins niu>.t l\a\(' dhsiuxcil that in 
inatchin^^ a (iiclnoic colour hkt' nenlix h\ lok'l hlh. its h^httn 
tints appear sonu'what liluci \>\ oxiMhand than h\ xKwxin;^ 
<lo\fn upon tlu'in TIh' h^^hl, whicli is o'llt'clcd hoiii thi’ 
dy('d nciti'iial, has enti'ri'd to a consid('i al»l(' <lcpih wnhin tlu' 
hhi’i's, and, in doin^^ so, hns lii'coinc lohhcd ol nioo' ol its hluc 
and vioK't ia\s, whicli piodiuu's incrtMsc'd redness ol hue in 
the coloured li,L,dil so Kdli'ctial II iIumImhI ina(('rial he of ii 
velvet or cut pih' siniaee, this sele(ii\e ahsoipdon of tlu' 
hhu' and viohd ia\s is niei(‘ased h\ th(‘ repeali'd K'lh'etions 
within th(' inteistiu's oi the liho's, and a nnieh leddi'r 
hue is prodiKH'd In xk'Wiii;^ the d\ed nia.l<'iial hx er/'c- 
hand or transinitti'd li;^dit, this phenoiiietion ol seleetivi' 
ahK0r[)tion does not eonu' into pla\, and lienee its oxerhand 
aspec^t IS slightly hhu'r than when lo<il\in ;4 stiai^^lit down 
upon it 

Such phenomena an* hotter ohserxial when (oniparin^mi 
eaUour dyed on a plain surface' with that ol a cut pile oi ve'lvet 
surfaced fahrie (si'e* § df)), as the n'peated lelh-eiions within a 
velvet pile ^nve risi' to dichroisni 

Ln a similar mamu'r, a tint ol xt'lloxx hull, d\<'d xxith luslic 
extract and a cochini'al* jiinlc, looks much leddei hy relk'cted 
li^dtt, on a velx(‘t jiile, than hy oxeilnuid, oxvin^^ to tli(' action 
of selective ahsor[)tion oeeumny^ within the depths of the 
-dyed hhres. 

It is impossihle to ;tet a e()lour, ('ither a xellow, cutrine, 
russet or olive, having' fustic as trte xe'lloxv constituent, to 
match hy “ ovm hapd similai colours dyed w ith the aid of 
aniline yelkjws. 

Shades producaal with fustic havi* always a pi'^uliarly 
greenish flat hue |hy transmitted h^dit, which^ eofttrasts 
strangely w'lth the rich clear yi'llow toiu* of similar shlfdes 
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having an aniline* yellow like naphthol yellow as a con* 
Btituent. ‘ 

In this way— and many other examples might he given — 
the transmitted light im^thod of examining colours may prove 
of great Indp to the dyer, by revealing to a certain extent the 
optical natuni of tlu' dyes employ(‘d. • 

Overhand matching is (certainly the best way to e.^amine 
dyed shades, as the slightest differi'iices which would otherwise 
escape d(it(!ction can Ix' rt^aflily observed. 

In some classes of t(>\lil(‘ work it is oftim desired to have 
the dyed shades as dull and “thin” as possible, producing 
what we might almost U'rni a Huinlirif-oiif-HL'c aspect. This 
is sonu', times doiu' to gi\(‘ an antupK' appeaiance to certain 
fabrics — imilation of old ta[)(‘^tiU‘s, lor example. 

Otlu'r classics of work re<pnr(‘ as lull and rich tones of 
colour as tlu' dycu' can prodiua', and, m order to iX'ach results 
so diV(M’s(' 111 llieir nalur(', the colourist must sidect, with 
great cari'. llu' dyc'stulfs to be employial. 

After long ('xperunaa' tlu' obs('rvant dyer can tell the be- 
haviour and [U’op('rti('s ol most ol his colouring matters, and 
knows which are tlu; Ix'st to (*mploy under the circumstances. 



CHAPTKU V. 

C0L0UK-M0T)IFY1N(^, INFLUKNC'KS IF^DVFi) TKXTlLKS~rAiSTUB 
AND TUANSPAI^FNFY OF FIHllFS -VKFVFT PI I ,F SI' UFACF 
— OPTlCAf. PKOPKliTlKS OF DYES DlCHKOlSM Fl.roUlW- 
OFNCK. 

§ The inatelhn^^ of sha(1(‘s, (atlp'r on tlu' painter’s 
palett(‘ or on dyed fahries, is always a painstaking' and (hdieaie 
task ; but the dilh(Milt\ of inalehin^f on ti'Xtiles is, to a 
lar^e extent, ineii'asi'd hy (-(‘rtain niodilNin;^^ eaiisi's whieli 
come into play in tlu' dyed lahne ddu'si' ai’(' unknown (o the 
painter and papi'i’stainer .VU U'xtik* eoloui -pnnt(‘i s and dyers 
must hav(' ohsiu'ved the sli^dit ehan<{es in tlu' asp(‘e,t of the 
shtules when dyc'd on liho's or fahties of dilh'rent nature's. 
These modit'uaitions of luu' arc^ produe('<l prnu-ipally hy the 
optical structure of tlu* film' itsedf, or the* wovi'ii fahrie, and 
by the optical projierties of tlu' dyestuffs (unployi'd. 

The modifym^f iiifiuc*nc('s at work m the matching of 
textiles may he dividt'd into tho'o (dasses, oc — 

1. The optical propertie's of tluolyed tihre' — mc., lustre and 

transparency. 

2. Structure of the W'oven textile fabric =e/A., plau\ or 

velvet pile surface. » 

3. Optical propeijties of the dyestuffs = 'iz., dicltroisrn 

and fluorescence. 

§ 38 . Colours dyed on a fibre of good lustre and t^rans- 
parency, such as silk, Ramie, or China grass fibre,^and* the 
finer qualities of wool, give a richness and depth of shaie 
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which cannot be, equalled in fibres of a less lustrous nature. 
The (jrfdter tJu^ lihstr(' and Iran spare ary of the dyed, fibre, 
the more diffiridt if is to nutfeh perfectly. Thus, dyed cotton, 
linen and jute, an; nion' (‘asily niatehed than wool, and dyed 
wool, aj^ain, is easier matched than dyed silk. Indeed, silk 
,and (’hina ^u'ass, or tlu; Ramu; fibre, which has a splendid’ silk- 
like lustre, are most diffiimlt fibrils to match perfectlyt as their 
^reat transparency and luslr(' ^nv<' lull play to the optical 
peculiariti(‘s ol tlu' coloufin^^ matteis with which they are 
dy(',(i. 

Such colouriul fibri's ar(' also more liabh' to under^a:) chan^^es 



Eki 21 — Microscopical ai)pearaii (0 of silk hhic 

in hue under tlu' artificial h^^^hts. Dyed eotton or linen, on the 
other hand, hein^^ mon^ opaque fibies, rt'semble the pi^mient 
colours, and do not show' an_\ abnormal chanj^es in hue 
under gaslight. 

iriie ju'operty of lasfrc, or of redectmo li^dit, possessed 
by the various textile fiK)res bears an important relationship to 
their ’physical tdructure. The smoothed' and more cylindrical 
the outward aspect of the fibre is, the greater will be its lustre. 

^luis, for exaiiqile, if we take three fibres differing in 
degtees ^of lustre, like silk, wool and cotton, and examine 
rtiem under the microscope, it will be ^observed that the 
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silk has a smooth, shininj^^ surface like a rod of frlass. 
The wodl is not so smooth as the silk, ft possesses a more 
uneven surfaee, and is therefore less lustrous ; wliile the 
cotton is still more uneven, and shows a rou^di, twisted 
fibre, wdiich scatters li^dit m all directions, and is there- 
fore fk'void of any lustne 

The4t! charact('risties of the dith'n'ut fibres, as seem under 
the mieroseojie, an^ illustrated m b’l^'s *21. 22. 2d and 24. 



It will be observed that the sme#)th surface of the silk 
fibre, Fig. 21, eiiabli^s it to form threads all closely pfkrallel 
to each other, thus producing a surfaee having a liigli reflecting 
power or lustre. ^ 

The high lustre of the China grass, or the lihea or KAinie 
fibre, is also explained in the same manner, as, from a mic^- 
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scopical exailiiiiatjoii, it in found to show a very smooth, glass- 
rod-like structure, represented in Fig. 24d • 

The s(‘rrahnl edges of the scales present in the wool fibre, 
as shown in Fig. 22, lessiui its lustre, by breaking the con- 
tinuity of Us r(41ecting surface. Henci*, a wool having its 
^ epithelial scakis proninuMUly de\t4op(‘d, such as merino, is 
termed a iion-liistri'd wool ; while those having th3 scales 
lying ck)ser and firmer to tlu' stem, and thus jiresenting a 
sniooth(;r and mon' highly relk'cting surface, such as the 
al])aca and mohair fibres, ari' tc^riiu'd lusto! wools. 



iiiKToscopc. (A) Mcrcorisi'd. 



Kir, 2t.— C;lnna griiNs, or Rainio 
fibre, under imcroseupe 


(k)tton, as will be observed ir. Fig. 23, consists of a 
flattened and twisted tub(‘-likt' fibre, which reflects the in- 
cident light, not in any definite direction, but scattered in all 
directions, thereby reducing the property of lustre. But if 
the cotton fibre be merceiased, i.c,, treated wuth a solution of 
caustic soda, it shrink^^ up, and assumes a more cylindrical 
form i':esembliyg silk, showm as (A) in Fig. 23. Hence we 
find that mercerised cotton possesses hiore lustre than or- 
dinary cotton, as it approaches more to silk, or Ramie fibre, 
in i1^^ physical structure. 

^ ^ Drawn from photo-micro prepared by J. M. Arnot, F.C.S. 
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It is well to renieiuher that tlie more nearly cvliiulrical 
the strjicture of the fibre is, the more histrous it becomes. 
The fibres of jute and linen have a little nuire lustre than 
cotton because they are smoother, and mon' equal in forma- 
tion, and thereby are better ada))ted to ridh'ct the li^dit. 

]jjustre and transjiarency of libo' accentuate the optiea] 
properties of tlu^ dyes. Thus, the beautiful pink dyi'stufi^, 
rhodaniuie and eosine, whim d\ed on silk, ba\<‘ a more oranjLje 
hue than when dyed on cotton, o\\m^^ to tlu' oranj^U' tluon's- 
cence exhibited by tlu'so d\('s Ixmi;^^ a))pai(‘nt on tlu' Inst i oils 
silk, and absi'iit on the lustK'k'ss cotton, ddu' liiu* of the 
pink on th(‘ cotton, tluu’cfonx is sonu'ubat bluer, or k'ss 
oran^^V, fi'oin tlu' absiaice ot this Ihioiesta'iil li^^ht. 

Many similar example's, more' or K‘ss strikin;j;, must ha\(' 
come under the notice' of <'V('ry observant piactuxil du-r. 

The subject of mati'hni;^ accuraU'h d\<'d libix's bavm^^ 
different lustres and de^ux'es of traiispaii'iict , and fibres of 
different texture, forms the most diliicult task that the dyi'r 
and textile cokuir-chemist lia\(' to eontt'ud with. 

Indeed, the saiiu' d\estutl‘ when dyed on oiu' fabric may 
appear a somewhat different colour when dyi'd on aiiotlu'r 
fabric of differc'iit textuix'. 'bo maki' a pi'rtect colour match 
on fabrics of similar nature, the colourist must endeavour, as 
much as possible, to employ dyi'stiiffs havni;^ similar optical 
properties to those em])lov('d m dvi'in^f tlui ori^dnal shade 
required to be matched. Soim'tmies, w'lu'ixj an absolutely 
perfect match is required, tlu* colour-clumust is ofti'ii at a loss 
to obtain some particular aspect present m theon^unal fabric, 
and he is then the better of the opinion and advice of others. 
In Fig. ‘25 we have a' snapshot of a colour-uiAtching 
laboratory, where an experienced colourist is giving some 
hints on a difficult point to his assistant (see also §§ 33 and 47). 
They jire comparing the swatch with the fabric to be raat^^hed. 
It is, we might say, almost impossible to product in ev^y 
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)(!sp(‘(:t a i}('rp(‘t match with some coloarin^^ matters dyed on 
diffiTmii fihn^s hk(i wool and cotton, or cotton and silk, 

d’hou^dithcy may appear idimtical to the unaided I'ye, they 
may pn'sent a dissimilai ity when ('xamined m ^^aslif^^it, or 
wlu'ii viewi'd tlnoii^d) tmteil ^dasses. l^'or (‘xampk', methyl- 
,v'iolet (dB) vvIk'Ii dyed on cotton is (‘xaetly tlu' same In^e as 
when dy('d upon wool In da\h^4ht, if the two !)(> comjiared 



Kii, 'Ifi — “A dil1i(“\ilt. point ” Vu>\\ in colonr-niatohing laborator>. 

sid(' hy sid(\ tluw sixmi idtmtical, ycd. when hotli are viewed in 
^msh^dit, tlu' wool looks, '-onsiderahly rrddrr than the cotton, 
ddiis isM)win^e tjvs wt' liave alrt'ady stated m § dd, to the more 
transparent nature of the wool tihre, winch permits of the 
phenomenon of sek'ctiye absorption takme place within the 
^ihr(^t^ Tlu' li;;lit hecomes more saturated with red rays 
dti.'in^^ its hrud passajjje within the dyed tihre, and this effect 
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IS considerably increased in an oran^»(‘ b^dit, suc^i as j^asli^dit, 
where jlie red and yellow rays' an' in exct'ss of the blue and 
violet. This pro))('rt\ of st'K'ctivi' absorption , or dichroisni is 
considered sjH'cialU in § tl. 

§ d9. In inakin^f a careful niat<-h of dyi'd fabrics, the 
colourist will ex})eiu'nce much dilhculty with certain coloins 
dyed upon a velvi't surfaci'd oi cut jiih' fabnc Here tlu' 
phenomenon of st'h'ctive alisorption shows ils('lf, produc('d 
by the repi'ated n'th'ctions of the coloun'd li^dit within th(‘ 
interstices of the cut pile A velv<'t pib' lal)ric is ^('nerally 
th(' most difticult ot mah'rials to mat<*h satislacionlv. as tlu' 
o])tical prop('rti('s of tlu' dvi'stiilts, (Sju'ciaJK >! iclnun^in (s('(' 
§ 41), bec()nu' inort' a,p))aicnt. 44 h' li^dil, instead of bi'in^f 
ri'rtected from tlu' iiisuh' ol th(' til»re, as in the oidinaiw cases 
of plain suiiaced mat('nals, ent('rs to a consid('rable d('])th 
within the interstices of the or cut piii', and in so 

doino bt'coim's moix' and moie ('iiriched and saturati'd W'lth 
colouia'd h^dit, as if it waaa' passiii;^' thioueli a solution of tlu* 
dy('stuff. W liil(‘ dom^ so, tlu* coloiiu'd lij^ht uiuh'r^aa's tlu' 
j>rocess ol s('lcctiv(' absorption, oe , c(‘rtain coloiiU'd rays 
be(‘ome inoK* and more absoibed, until tlu* lii^dit is K'fh'cted 
out of the depths of tlu* libr(‘s. ociuaalK ol a hue differi'iit 
from Its siirfaci' colour The lU'arc'i any d\ed libre or labile 
approaches, in its opturil nature, to that ol a d\e solution, 
tlie ^Teatc'i’ will lx* its liability to chan^U' in hiu* when woven 
into a vi'lvet fabnc, and the more liabb* will the shades lx; to 
alter under artilicial h^dits 

The deepen in<4 and enrich m^^ ol tlie colon i by the r(;peate(I 
reflections amon^^ tlu* fibn'S tends iiiok; and more' to modify 
the on^nnal hue of tiie dyestuff, as tlu; lesultin^^ hiu; is pro- 
duced by the sum tif those rays wdneh tiav(;rs(' the most 
freely through the colouring matter. 

Methyl-violet, for instance, looks som(‘what reddi.V and 
more of a plum colour, when dyed upon a velvt'? surface. 



than when on a plain surfaced fahrie lik(‘ calico, ^fanv dye- 
stuffs sliow th/s prop(‘itv in a vaa'y marked de^n-eic For ex- 
ampk', a class of sluides can Ik* (ly(«(] with naplithol-vellow 
and iiK^thyl- violet, which arc; of a moss ^ui'cii shade on plain 
surface^] {^^oods, and ap^x-ar of a htuiiiiij hrmni shade when cut 
into a v(dv('t pil(‘ Ourinj:^^ tin* repisalcd ri'fh'ctions, wdiich 
the hf^dit und(;r^e)(‘s w'lthin the inlei stices ol th(‘ vcdw't, the 
gr(;(!n h^^ht Ih'couk's t^n’adiially ahsoihed, and tins pioduces a 
corr(!S|)ondin^T pivdomniance of the r(‘d and oran^X' I’ays, 
^uvin<t to tile v(‘lv('t fabric a much browner asjiect. It will 
he found, also, that dichioic c(dounn;_; mattc'rs, havin^^ a 
t('ndenc‘y to tiansmit the h'd and oran^s' lays moi’i' freely 
than th(' hhu' and viok't, Ix-come ahnoinially ri'd in ^^asli^dit. 
'^rins may h('()hseiv(‘d in met h\ l-vioh't , and also in tla^ moss 
^reeii compound shades w Inch \V(' ha\(‘ just citi'd. The viok't 
chan^X's to a ina^imta hu<‘, and tlu' moss ^ucs iis heconu.' red 
browns and plum sluuk's As anothci e\ani|)k\ \\v may 
mention two huffs, one dyed with liisMc and ;i cochiiu'al 
ri'd , wink' the otln'r, matidim^^ it ('\actl\, is (l\ed with an 
aniliiH' V(dlow, with a toindi of ihodamme pink. On plain 
surfaced inaF'iiaJs, tlu'si' hulls are ol a \('lk)Wish hue, hut 
will'll cut into a \el\('t pik' thi'V both Ix'conie much la'ddi'r, 
owm^^ to dichioism ol tlu'ir constituent colouiin^ matters. 
TIu'V also Ik'coiik' <'\(H*pt lonally red 141 ^^ash<^ht 

Will'll dyers art' matchm;^ colours on a \('l\('t pik' surfaci', 
it IS iK'cH'ssar)' to cut tlu' trial swatclu's so as to form a [)ile 
similar to I lit' vt'IvtU By doin^^ so a niort' corrt'ct judgment 
IS ohtaiiK'd, hecaust' many dyed yarns appear to match well 
wdiile 111 th(' hank statt;, and yet show^ a considerable dis- 
similarity w'ht'ii vu'wt'd 111 th(' vt'lvt't surface. 

§ 40 . Optical Properties of the Dyestuffs, dextile colourists, 
and especially silic often experience grt'at difficulty in the 

matching of their shades. This generally arises from the 
ojy^ical nacure of the dyes in combination with a high lustred 
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fibrt', and is ('Xjxn unua'd in l)ii^di( sriiiiN .w ( Ul lun . wIumi 
the (ju.ility of the da\ is apt to lu' \ ai li is oftc-n 

found, loi (‘XanipKa tliat two shadt's, whah *lia\(‘ hccn eare- 
fully niat('h('d in tlu' open an, piesiail a sfielif ditloi (Mk e. and 
art' no lonya-i ^^ood inalelies, wlum cxaiiiiiied indoois. 

Jndt't'd, s('\eial tt'itian oi eoiiipound shades ha\(' h('ffi 
()hs('nedl)\ thewntt'i to chanu't' in t hen aspect st rt lutl lnnrs 
(furnnl Htf Coin'sc nf flir and wllell such Is th(‘ ease, it 

iiiav he ('asilv undei stood how difljMill it is t<» matt h p('rh'ctl\ 
with d\t's whicli ehan;^e so icadih in then ,ipp(’-nanec 

We ha\(‘ ahead\ fnll\ eoiisuhacd sonic of I hcsc niodil\ inj^^ 
eaust's, / c., tlie (pialitx of the da\h,L,dit, and the optic, il pecu- 
liarities of lilt' d\('d fihit's oi l.thi a s, .md h,i\( now t(» ^i\c our 
attt'lltlon to t^\o optie.ll plopelties s( »i i ict 1 1 1 ics posscss(‘d h\' 
the d\t'stulls thcinscKcs, naincK. tch r<ns,,, and ihiurr^fi //re, 
which ale of eon sit lei a, hlc iinpoi taiiec in the iii.itt liiiiy of shades 
^ 41 I )irli 'rills intelestni;^ pl(tpclt\ Is posst'ssi'd 

1)\ most eolouiiny ni.it tei s, and is of spet lal nilcicst and nii- 
[lortanet' to tlie d\('i, (lit' cohan-inixci and matt liei Most 
d\e solutions iindeiLto a sh;,;hl thanyt in hut' when icdiieed, 
01 diliitt'd, li'oin tilt'll tlct'p tones iiitc then liohlci tints, and 
manv eolotii etl “stuffs” t'xhihit this phciainit'iioii in a\eiv 
maikt'tl de^U’t't'. A ht'.nit ilul, hut now ohsolctc dvt'sUilf, 
quinoline hhie, tdian^a's littin a piiic Itlnc in a thin oi dilutt' 
solution to a /vt/ in a tict'j) oi stiotio solution 

Aftist tl\ei s will ha\(' ohst'i \ed how nit't h \ i-\ a ilct and niala- 
cliite, t)i’ (dinia ynct'ii, anti niaii\ awihne hlucs, hcctmit' M'ly 
much retldt'r 111 tt)iu' tlit' tlt'cper oi stioiiya-i the tlu' sohilion 
is made. Tlu'V pratluallv Itist', as the tlfipth meieast s, the preen 
and iilue I'avs which^aie tthst'iwalile in tlit'ii tl iniu i la\eis 
In exammmp the diehrttie pi’o^x'i ties ol dw'stufls, a hollow 
glass prism or wedge is used, into which tln‘d\t‘ stihit^ion is 
introduced. ] 3 y viewing tlirough tin' thin end of tl^e wT'dgt', 
or through one of the angles ol tlit' prism, the cttltmr t)l i^ie 
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dyestuff iii its tlmuu'Ht layer cjui lie iiot(‘d ; while the colour 
traiisiiiitt(‘(l throu^di the iiicn'asin^^ thicknesses of dy6 liquid 
can also Ix' ohsdrved, and any (‘xceptional chan^a; of hue, or 
dichi'oic [)r()|)('rty, is at onc(‘ niadi* apparent. 

With sueli a pKxx' ot apparatus it is found that magenta 
cMan;^'(is Ironi a l)lu(*-pink in dilut(‘ solution, or thin hiyew, to 
a ch(‘iTy-red in stion^^ oi deep solution, and - ‘ 
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Ix’conu' ahsoi I x'd, t ho other oolouKxl ia\s prodoiinnati', and 
lu'iiix' till' i'{'Miltin^ hue ot a dix'p d\(‘ solution is produced only 
h\ tlios(' eoloiired ra\s w Inch tia\('rse tlu‘ most fi’cx'K' thiou^di 
lh(' solution, OI , as it wc'rie ha\(‘ sin\i\(‘d in passm^^ thiouj^h 
(h(' solution d’his Is what is ;4(Mifiall\ teiiued “ scdi'ctive 
ahsorplion, as tie' du'stnli Nc/ee/.s e('rta,in coloiiti’d ia\s iroiii 
Hinon^f th(' otla'i’s, and (punielu's oi ahsorhs tluMii during their 
passa^a' tliioii^h th(‘ colour lupiid or d\ed tihrir 

ddu' sjiiiie diehroic effects present m dyi' solutions are 
observable wlu'ii the colvurs an' dy('d upon transparent fibres 
of goo(^ lustre apd w'ovc'u into \el\(‘t or cut pile fabrics. This 
IS the rt'ason why certain dyed colouis alter considerably in 
hue w lu'ii d\ t'd on fabrics ha\ ing a rich vt'lvet pile, as compared 
with ,tlu' sanu' dyestuff on fabrics having a “ terry ” or uncut 
pile, and also on plain surfaced goods such as calico, tapestry 

nr ux^nllpn elntli injitpi-i!!] 
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we nave aireadv (d>serve(l, in :V,), .that diehroisni 

becom'es apparent in dyed fahnes onl> wluni tin' fibre 
possesses a siitheient dej^naa* of tran'-paiaMi(\ and lustre. 

It is this saiiK^ property of dieliioiMii tint l^im's risi' to tlu' 
sh<^dU (dian^a^s of hue in a eoloiir when it is redma'd. (Mther 
wi^h water, printin^^ past(‘, or with whitiato foi in a adatii!^: 
scale, or sc'i’U's of tints luals, for oxainplt'. wIk'Ii laahuaal to 
form tints of laal oi jiinks, ma\ oft into a,n oi‘an;,a' or l)iifl'y 
hiK'. IhiU's, likawMse, ma\ ;4o* ^n(a‘nish or naldish w Ixai 
dihitial into tints All oidina,i\ eoloius and (hi'stufls, as a 
rnl(\ show sonu' sh^dit modification in Inu' on ri'diiction into 
li^dit tints, hnt tluac an* others which show it t" such an 
extent as to he liij^hh oh](a*tionahlc t<' the t<‘\til(‘ coloniist. 
Th(! ladniMoiir of a (ailoiir on dilution is a (|Ucstion of imudi 
importanca', as It oftiai (h'l(‘rmiiu's w hcthci a colom is sei\ua‘- 
ahlt' or not for mixinc with ofhci's to i^c't a desired result. 

Two yellows, lor exampka in then si i on^' toiu's eil liei (l\ed 
upon wool, 01 in coiuanitiated solutions, mav appear idi'iitieal 
to th(' eye , hut when mix<‘d w itli a cei (am piopoi tion of blue 
to prodiKH' a ^U(H'n, tlx' r('sults obtained ma\ he totalK dif- 
ferent 

OiK' NX'llow may a lairl\ pui(‘ ;^ieen, while the otlic'i* 
may a “ hroloai " ^otuei, or oli\(‘, on admixture w ith hliu* 
Such results are rather disa[)j)omtm^' to the colouiist, hut the 
explanation ma\ In* found 1>V n'duem;^ the two ydlows into a 
series of tints, and it will he found that the yi'llow whicJi 
gave the dull, hiokeii gnaui on ndmixtuie with hlu(‘, will 
reduce out into a huffy or oian;^e tint instead of a pim^leiiion 
yellow hk(' tin' othei • 

The careful cojourist, wlxai testing flu ca])ahilities and 
mixing properties of his d\(*s, always leduces them into 
a gradating scale of tints to see how they behave on dilu- 
tion. On doing so it is often found that the ^oloitr does 
not reduce welj. It does not give an equally halaliced 
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and bai’iiionious cl^^-omatic scab*, and may recjnire th(' slight 
addition ol another dyi'Htnft to k(‘ej) the scsru's in a 'proper 
st(^p of ^o-adatioh . 

Diehroie, c.olours dved uj)on faliries an* most ddhcult to 
match ac(;m'at(‘,ly, ;is th(‘V an' not onl\ s(‘iisitiv(‘ to the slij^ditest 
evian^^' m tli(' (piaiity of the daylight, hut, as aln'.adv s;iid,dhe 
dilt(‘r(Mic,e in Inu* hi'tuecn iIkmi aspect on a \(']vet siiitace 
and on a plain siirfaci* is \(‘rv maikcd. 

Many e\aiiipl(‘s mi^^dil h(* ;^n\en, hiit \V(' will confine our- 
selv('s lo on(‘ instaiK'c' A class ol Hal olives and moss 
(•an 1)0 mad(‘ hy d\ (MI ij^mn it li fustic, oi naphthol-yellow , and 
met liyl-\ io|(‘i (Hit). Snell colouis, in their Ii^diti'r tints, 
haA'(' a yrei'ii sa^^c aspect in plain sni laced nia((‘iial, while 
on a rich \cl\ct pih* la.hiic llie\ assume a i eddish-hi onze 
hne,yn'a,ll\ dilten'nl lioin tlaai loinici colom Such slnuk'S, 
also, do noi lodiici' ui'll inln a. s<‘alc. as iIkh dc'opci Ioik'S 
h('coin(‘ laa I oo pm pl\ -i (mI 1 o slop \\ dl u it h t lien niiich i^ui'ciier 
tints. 

The lo pea ted i(‘ll('( t ions w Inch the 1 1 yd it iindei yoi's dm my 

Its jia-ssayo withm the niKasiio,.^ <,1 ili<. wlwi pile tahiac yive 
I’lsi' to till' |)i occ^s o I select 1 Vo ahsoi pt loll, in t lie sail a* manner 
as the dcepi'iimy ol tie' d\e soliilion alnaidx coiisak'H'd. 

I'i /'V/o*/v ,scc//ce. The optica , 1 piopeit\ known as 
lliior('sC(Mic(' Is ohsci\(Ml in yi'e.it ho,uit\ 1)1 ni,in\ ol tlu' 
aniline d\C'^t lilts, notah|\ those ol the del i\ ati\('s ol /•Vco/vss- 
an anludiidi' ol U'soicin jihlhikmi 'Tlu'se d\estutfs 
compiiS(' th(' heiinliliil Kosiiu's, lvos(' lUmyal, UhodamiiK*, 
IMilov.tu', ('tC 

Iduoieseeiice is eomfiionK ohsc-iNod in a solution ol sul- 
])ha,t(' ol (piinn*a'. oi a pi('C(' ol \(‘Ilo\\ “ canaiA ylass 
coloured with the o\id(' ol manium dda' lormei, thouydi 
puri' a,>j watei h\ iransnnited hyht. shows a Ix'autiiul hluisli- 
violetdiyl^t when xu'wed h\ ri'tlcctc'd liyht. iind the latter 
ap|V‘ais a line yieen when \i(‘W('d m ceit.aip directions. An 
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alkaline solution of fluorc'seein |)o^‘>('ss('s an -nittuist' bright 
^U'cen fiiion^seeiuHN wlneii is still Msiblo iifti-r bi'in^^ nn- 
niensely diluted tl part in ‘2, 000. 000 of walt'D. 

ddu' yellow d\ (‘stulf. Ti aniuin (a sodium ^alt of 11uor('sca'ni\ 
also exhibits this pbimomeuon in a rciiiai kabb' decree. 
Stia^n^dy lliKUH'sec'iit colours. wlu'U dual upon InydiU lustrial 
filires siudi as silk and KaniH' or ('bnia exiiibil their 

dtiorescenee , but if the libri' be a liisiick'Ss oin'. like' cotton or 
linen, where tb(‘ rouj^di sui fae(' of t fu* lil)r{' scat tois i he ineidi'ut 
lij^dit, then tins propm l \ is destroyt'd d’his m:)\ icudily bi' 
obser\ed b\ eonipariny ilu' liiK's of ihodaiiiine d\(‘d upon silk 
and upon cotton The li^tht ndlccte*! Iioin t la* dy(Mi silk is of 
a mort‘ oi -inyu' ( a^t than that of i he d\ cd cot ton. \\ Inch appi'ais 
bluish hcsidt‘ the silk This is ow iiil: to the tliiorcscciit oran Re- 
coloured llRlit of ihodainnie hcillR ic(lcct('d lioiii the smooth 
and shmiriR oiitie siirlace ol tlic silk , while the d\cd cotton, 
haviiiR no siudi powei of siiila((‘ letkalioii. Is d( void ol the 
oraiiRe-coloured i a\ s (S('eihen micioscopu appeaiaiici' in 
IbRs 21-Jh p. h-i ) 

In matchiiiR stioiiylv lluoiosceiit sh,ides, souk* little 
pel iihai It les ,iie ol)s(‘i\<-d which aie woilh\ ol notice. Ibir 
(‘xaniple. a decided dlth'ieiice in liiii' is ohsciVf'd hetweeii 
th('ii letb'cteil liRlit and tiaiisiiiitied liylit aspt-et \ p(‘eiiha,r 
tone ol \loIet. Ol heilotlop<\ IliaV Ih' phiduied h\ dvelliR With 
rhodamitie. Ol an\ ol I he lliioi es( cut cosine pinks. eomhiiKal 
with an\ of the aoi<| rKmmis, like wool Rleell 

On VleWlllR the sh.ides \)\ lelfeetid Icjht, u . looklllR 
down Ujion them, the\ aie of a )>eeuhail\ Kihli^h hii(\ and 
ehaiiRc in then aspect when held in \aiioiis dilteieiil diiec- 
tloll''. This 1 eddish* lipht is owiliR to (he fllloioseeiit plopei’lV 
ot the ('osiiK' pink 

Tf the sliad(‘s be held up to the liRlit and \iewe(] *‘ov('r- 
hand," or if the threads oj tin* swai(di be h('ld iif) and Ui<‘ 
liRht allowed to biter throuRb tlauii. it will he observed that 
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the hue becomes 'decidedly bluer, approaching more to the 
appearance of the ordinary bluish methyl- violets. This 
difference in hue between the reflected and transmitted light 
aspects of the dyed colour is due to the presence of the 
orange fluorescent light visible in the former and reflected 
‘from the surfaces of the fibres. In viewing by transiiAtted 
light, the orange fluorescence is lost ; hence the colour ap- 
pears much hliu^r or less orange to the eye. 

This effect may he still*'furth(!r accentuated by cutting the 
swatch so as to form a velvet pile surface, or a tuft, similai 
to plush, lly doing so, the fluorescent light is seen to greater 
advantage, with the njsult that the cut or velvet surface end 
appears more orangy than the plain surface or uncut swatch, 

Many similar examples might be given, and it is only by 
studying a few simple cases at first that all such phenomena 
can be satisfactorily explained. The trutli of this explanation 
may be testc^d m a very simple mannm* liy dyeing a tone oi 
violet with a non-jlaoresccat dyestuff, to match exactly by 
transinitU’d ly/ht th(‘ violet made by combining eosme pink 
and an acid gix^en. If, when a good match has been ob- 
tained, the two shades be then viewed by reflected light, 
ie., by looking down upon them, it will be observed that they 
are no longer matches. The non-fluorescent shade appears 
much bluer than the compound one, owing to its absence of 
orange fluorescent light. 



CHAFTKK VI. 

USE OF TINTED FlUfS IN C()LOUR-M.\T('HIN(i— ( Ol.OUR VISION 
—DEFECTS OF THE EVE VEEEOWINO OF THE l.ENS- 
COLOUH-HLlNDNEsS. 

§ 4li. Use of Tinted Films in Colour Examination. It 
has already l)een observcHl, in § dO, ('liaptn- III., that 
tinted glasses or coloured gelatine films (‘an he ('iiiployi'd with 
great advantage m matching and (‘xaminmg linght colours. 
As the most luminous part of tlu* spcH'tium is tlu' scarK'l, 
orange, yellow and bright yellow -grinm, th<‘ hluish-gri'i'n- 
tinted glass used for examination nuu’i'Iy aids as an absorptive 
medium, and tlu'ndiy n'duci'slhe dazzling lummoNity of tlu'se 
hues into a more sombre class of shadi's. which can hi' vu'WimI 
for any length of time without fatiguing the evi' 

But properly selecti'd glasses of diiteri'iit colours may hii 
■employed with the greatest advantage in thi'i'xamination of not 
only luminous colours, hut of all kinds ot shades, even the 
most sombre. 13y the aid of tinted films, the colourist can 
obtain an insight into the ojitical propi'rties and lu'ciiliarities 
of shades that he could not otherwisi' gam, unli'ss after an 
exhaustive spectroscopic examination, ddie writi'r employs 
glasses, or gelatine films, colounal «5rang<‘, yellow, grei'ii, red, 
cobalt blue and violet, in the study of colour phenomena, and 
finds their assistance invaluahhi for ifwaailing, at a glance, any 
peculiarities of construction in the spectra of the shades under 
inspection. For example, we might have two bright hues of 
pink dyed upon wool or silk, one dyed wuth rhodamijie and 
the other dyed with some of the strongly fluoresceivt dyestuffs 
like eosme and lerythrosine. The twa) pinks may appear 
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i(l(!iitical to tjni <‘.yo, but if tb(‘V v 1 (!W(h 1 throu^4i a bluo 
^u’ctui ^4 iis 8, or film, simihir to that iiiontioiK'd in § .40, the 
two appeal somewhat (lif'{er(‘)il . 

We liiul (lil’ferenei's iii tli('ii’ appearaiiei' and optical })e- 
liiivioiir tliat could not Ih' detected witli the iinaidi'd eye. 
x- 4di(‘ rliodamine pink h(*comes a solt loiu' of violet, while 
th(‘ stron^^lv (luoH'seeiit et)sm(' pink appears mu(di ri'dder, 
and soinelinies much li^diic-r in tone' than the otlu'r. 

An (‘\:imple such as this has r(‘peatedl\' eonic’ under my 
ohsei Nation, and, so maiked is tin* dilTereiici' ol hehaviour in 
the appari'iit 1\ similai hues, that tli(\\ need to Ix' sixui to he 
h('li(A'(‘(L With c()halt blue, oran^i' and \ lolet-tinted (glasses 
most Intel (‘st in;4 aaid iiisi i net i\e lesults (an he ohtaiiK'd on 
NK'Win;^^ iiiaiiN ()! the d\ed iiiateiials ()li\es, say,a‘s, drabs, 
old f^''old sliad(‘s, and (‘spe( lalh the sop mode shades, olten 
pr('S('nt iiiteiestmn examples Idi the iiiNest i^Mt ion ol tlie 
coloiii 1 st . 

Two shades ol old n'^ld, l"i ('xaiiipk', one d\('d with 
na-pht hol-\ (‘How , oi,inn'‘ and wool jei(‘(‘n, the oIIkm d\ed 
With Itistie, oiaiipe and met h\ h\ lok'l , ma\ pO'siMit llu' ap- 
[xairaiKa' of an (‘\(a‘ll(‘nt match in (la,\li^ht, and \(‘t wIk'II 
tlu'N are ('xamined thioii.nh eitla'i iIk' oran^i' or tlu' yreen 
tiliiis, iIk'n pi('s('nt a. wid(‘ di H’ei (‘lua- in app(‘aianc(‘ Irom each 
otli('r. CiKka the oran;^<‘ film, tli(‘ shade (a)ntainin^ tlu' wool 
^naa'ii hi'conu's \(‘iv mii(di ^ox'ik'I, wink' tlu' otlnax havin^f 
the liisti'' and Niok'l, h(‘(a)m('s \('i \ much Kahk'r. 'riins the 
oiH' sliadi' <^rowinn nr(‘('nei , and tlw' otlua Ix'comin^ reddiu’, 
make,^ a \ei\ striking dissiimlai it \ ol hue In'twi'i'ii the two 
slnuk's, which W(‘i(‘ (witienth similai in llu' dayliplit wlien 
vi('W('d wilhout'tlu' int(‘i NX'iitioii of tlu' lijuis 

This p('culia,r Ix'haviourol tlu' dw'slutts depends upcni tlunr 
absorption spectra . and tlu' (‘Xplanation of such modifuaitions 
can hV' foiind onl\ aft(‘r a (“aix'ful spt'ctroscopic I'xaminatK'ui 
of'tlu' dy('slurt’ ils(‘l( isee (Taptiu’ TX.) 
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§ 44. Orange Film. tlio most iinuul nu'diums 

for such Examinations isiIh' orange film, ^ a |M('c<' ^adatino 
tilm dyed to a suitaMo depth with an aniline oraii^a* 'hhis is 
fonnd most usi'iul wlnai tin* d\('i wi-hes to deteimmt' the 
“ ^faslioht asp«'et of shadt'-. 

hus now hee(*mmo u (pu'^tion of eonsidm ahlc impoi’t;mee, » 
\vhen makiini[ an aeeuiate mateli of any d\ed m.ittMial, to 
examiiK' the eolours m yais, or an\ aitilieial liLiht. m ordiM to 
SIS' if they sliow rin\ o)('at (dianyt's in Ime M.m\ d\es show 
siieh a (hffei eiiet' 111 appcara iiei' imdoi aitilieial illuiiiiiiants 
as almost to (‘\elude llu'ii whme (.iielul iiialeliino is 

reijUlKMl 

1 11 ord('i to SC', dm 111 u t he da \ t lino how aii\ d\ od iieit ( rial 
looks undei j4.islii.,dit It Is not neeessai\ to take It into a 
room ilhmiiiiated soh'U with o.ishedit Ml that tei|mros to 
h(' doiK' Is to ('xaimiie tho maional thiuiiL^h the ui aiion-l mL(’d 
tilm. wdii'ii a \('i\ o,,,,,! kI^m ,)1 im ^.sishehl aspect will ho 
ohtaiiK d. 

I nl(‘^s thiseaio h( takoii. it ma\ ott(ii he iduinl that a 
fiiu sei les ol “stoppiim '►! oi .ulal iiiLl sliados de hot pta'soni, 
siieii a satislaetoi\ t^iadation whoii \iewed iiiidei aitilieial 
ll^dit, 'rills Is speeialh iiotK eahle when \ai lolls nu iiilx is di 
tin- senes an' (oiiipo-ed ul dillenait d\estults See Inos 
hand 1 m (i oiilispiec e.) ''I'liis mteiostmo suh|((tol eoloin 
a [)p(*ai .iiiei's imdei the aitilieial illiiintnaiit s is tiilK tnalod 
111 snhse(jiieiit (h<i[)le|s (see \ 111. and 1\ I 

^ la It ma\ he mt( lesiiiie to iii'iiitloii that this na thod 
of inyestiaation has 1, itch heeiislinwn h\ a I'leiKdi seientist 
to \ield \ahiahle losiilts at the nms(*iiin in i'ain m deter- 
mining the eonipos’lM^n ot pie( lolls sioiios.' 

'FIk' results, whali ha\(' la'eii (‘oniiiiimi' at ed to tln^ 
Academy ot Senaices, aie interest mo, and show Imw s|)iimoiis 

' !\I Hcnrx (’res ni luin itnl <li Ihlnts, I’.in-, H'la 
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gems, though t(^ the nakec] eye identical in appearance to 
genuine ones, can readily be detected. ' 

exaiAple, the genuine emerald when seen through 
properly tinted^ glasses assumes a purplish rose colour, while 
the imitation gem exhibits a green hue, due to the presence 
» of its copp(ir base. The genuine sapphire preserves ite deep 
blue, while the false gem turns a rosy red, indicating the 
preseiK^e of a cobalt base. 

The invi'stigator giv^es a most interesting case where a 
small spluiiical cup of a sky-blue colour from ancient P'gypt 
was exainiiuid through the coloured medium. The whole 
cup exhil)it(!(l a blue colour, similar to that observed with the 
naked ey(', with the exception of a small piece near the edge 
which assunuMl a tnldt^h colour, lliis was owing to the 
small pu'ce, us(!d in its restoration not bt'ing made with the 
same colour bas(^ as the original cup. While the blueness ol 
th(' cup was dm) to copp(u\ the small fragment inserted, though 
identical in colour, owi'd its blueness to a cobalt base. Hence 
the dit'hM’ent Ixdiaviour and appearance when viewed through 
a properly coloun'd nuHlium. 

Similar exanipl(\s of the different behaviour of colourSj 
appar('ntly identical to the unaided (yye, are of every-day oc- 
currence with the obs(‘rvant colour-matcher and dyer. This 
same method of res(‘arch, i c., tlie employment of suitabl}' 
coloured media, the present writer has applied for many years 
to dyed textiles. 

§ 46. Defects of tbe Eye. — In the careful matching of 
colours, it is well to remember that every eye has not the same 
power of colour-perception, and many people who are very far 
from being w\iat is termed “ colour-bhpd ” cannot distinguish 
the finer differences m hues which can be readily detected by 
the good colour-matcher. It has been proved, indeed, by Mr. 
Lovibopd that there may be a considerable variation in the 
^‘olour-perceptive power betw'een the t^o eyes of the one 
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person. If the one eye is normal and tlie other ahnonnal, it 
is rather (i^thcult to discover the discrepancy, as tlu^ two visual 
iiua^^es become blended upon the retina But. with a suitable 
apparatus, the images from botii eyi‘s mav hi* ke[)t separate, 
and thus any ditlerence lietween the two iMlour-])t'rci‘ptions 
may readily detected.' 

§ 47.^ Yellowing of the Lens —As the ci\stalliiu- Kmis of 
the eye (see Chapter I., 55 b) grows (Keisi'r with ag('. it often 
acapnres a vellow'ish ting(\ wdiich, altc'rs coiisideiablN the 
ap[)reciation of the hhu' constitui'iit in coltnii'-. In ordi- 
nary circumstance's this yi'llowmg of (In' lens tlnough age 
would cause no ineonve'im'nce, but with eoldiir-matcJieis 
and artists the (‘asi' is V(‘r\ ditti'K'iil. lic'ilirc'ieli has 
pointed out that tlu' cold bhunu'ss to Ik* oliscucd in tlu‘ 
later picture's of 'ruriK'r and Mulrtsidy — 1 Ik' hit lei artist 
painted till lu* was ovc'i* s('V('nt\ \'t‘ais ol age -wasdiu' 
to this yejilow degeiu'ration ol tlu' haisi's of tlaar ('\es. In 
order to see', the later works of these' a.itists as tln-y ihe'iu- 
selves weiiild se'c tlu'iu, with all thear gleew aiiel w'aiinth, 
it IS nece'ssary to vu'w the'iii through <t \ e'lle)w ish-tinte'el 
glass, when they acepiire the- same' iich sedu'me- ot e-oleiur 
as their earlier w'orks. 

It has been noted alse> that person^ who ha\e‘ uneleu'- 
gone an operation for cat?lract, after the \e'lle)W’ish le'iis has 
been removed, complain that ewerything m nature' apjiears 
to them very blue. After a while*, w'he'ii the e'>e' ge'ts ac- 
customed to the wdiite light, this e'l't('(;t passe's e)tf 

It may be observed that many dyers and colour-matchers 
who are w^ell up in years are neit so pendect matchers as they 
used to be. A gentleman known to the writer "-as a splendid 
colour-matcher some twenty years ago, and, from his published 
work at that time, he must have possessed abnormally good 
colour-perception. Now, however, and he is over ^severfity. 


See Measurement Light and Colour, by J. W. Lovibond, F.K.M.S. 
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I I 111 I \ t ' d t Ik ' dd« t t < doll) Ml I Ik -t I w i > di.nit ^ aji- 

[iiand iK.iilv ni<iili'al, hill, ll .i 1 1 \ I h ! i cj . tin n mhi r mn 

shailt . Ik s.ikI, \\,i sIk’IiiK in hia th.iii the othi i 

To ni\ \oiiii;’ii I\( lilt II, OKI « <d ill- (olmji's wiic 
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IiIIIiiIm I I .|K W 111* h .1 |.|M It ( d I < 'loldt I ,ild\ \ . IloW t I 

hot ...||K llliK ' ,it h Ik III Ills i.wti '.jiliiKili ,ls hi'ino 

(he indil 'OkI INI' oiK niitil. I'll. ^siiiL' II iiumIiI h. ,i . asc 

III lilt mIIi'WIIi" id (Ik ll tis( - III ih. ( \t'- o| lilt oldci 
(a il( iiii 1 a . I \ It w t ll I ho I w o sh.itl. s I III oiihIi .1 I 'll I . of \ olli 'W - 
liiilod cil.itiiio liliii. win 11 (Ikn }iitson(ttl at oii< o an ap- 
jicaiaiita »\.i(tl\ as t ho olil L;<nll»nian hail ilosiiihod, .... 
(ho 111 s| shad. . thill w ll h a/o . ai iniiio, fiisinu anil ;:ic\ . wa,s 
ninth italtlii ih.iii niiiiihoi two >h,i.lt TIk ic.ist.n Im lliis 
dllloiciitt' was till! to the hilt ill. it (lit s((,tiKl sh.itln, coin- 

postal oI t>ian;:c. ihotl.uiiino ami \itdot. was \Nha( iiia} In* 
(cinit tl a Mtya /• s. K wOp’o shatlo, chanoiim 'ii aspeu cM*n 
with w slmhl ^N.iiialioii in the .piaht\ tit the ila\ li;:ht or the 
(line td (lu .la\ Siu h shailos aie well kiK'wn. and wt'Ii 
dislikial aiiionp d\eis ami ladoui -niatcheis d'hc\ alter ^neatly 
in appeal ancos m aititicial ilinnniiation. wliicli always con- 
tiviis an 'excess t'l the m*11ow and oianpa' ra \ s Shadi's of this 
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must he nimmhiiid, hnWiXti. ihai this nd. p'ntn ami 
violet tlmnry has t*|, icina miU i-itin minpliiip' nj idjinind 
Iv/hts U}»nii the letma and ma tn tin iinMiip nl t/i/, s alid 
jiXjiin ii(s, fd] whiili lilt ittl, \,hd\\ ami him aie tin duly 
praetleal j.nmaiU's 

R^tl I'lit ( diniiidm -I jdi 111 "t I d]. ,111 -hlmdm ss 

when- the beiisatinii nl seeiiiphd n ih Ik It lit 'hhi^ “ n d 
blliuhiess '* Is fuM|uentl\ teilmd “ 1 Lilldiilsiii. finmthe fact 
that the \s(‘ll-kiin\s n eliemist, IM dnlm halldii, vsai? lumstjl 
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afHictod with it, and lif was tin; first to carofiilly describe it 
in his first paper read to the Manche8t(‘r Socn^ty yi 1794.* 
th(! e\*<‘ of a “ red-hlind " person the spectrum is 
sliortened, and (;r)nsists of tinly two colours, wfiich they term 
yclh)W !ind hlue''o d’ln* extreme i(>d of the spectrum is in- 

.visible, while oran^^'e, vellow !ind vellow-^^reen are to them 

♦ 

varviii;^ (ones of vellow d’he ^'reenish-hhie of the spectriuu 
apfieai's a pale neiitial ; 4 ie\ (si'cNo. 'i, ‘20). He\ olid this all 

the rest of the spiM tiiiin h‘om blue to Molet appe:iis varying 
tones ol blue \o 1, b'io Of), K'pieseiits the full spt'Ctruinas 
seen by tie noiiiuil tiicliroinie \ision; No '2 lepresents the 
speelrnm as seen b\’ a ied-bhn<i peison. 'I'n persons afflicted 
with this. iIh' <‘ommoiiest toim of coloin -bliiidm‘ss, there 
appejlis no dltfel ('lice in hue brt\\<‘eli seal let ))opples 1111(1 
;,n'('eii ‘.(la^s A daik r<'(l appeals to them a black. 

All iiistaiK'c is known to the writer wheie a ^a-nthnnan, 
who, thoiiob well up 111 \eais, had ne\ri- susp»'cted any 
delicieiicN 111 Ills coloin \ isioii , w as oiie da\ 0()m;^Mo atti'iid a 
luiicnal weaiin;: a daik red n<-cktie Ills fiieiids i einonstrati'd 
with him, but be maintained it was a pure black It is said 
likewise' of I )alton. w ho w as a stiict (jfiiaker, that h(‘ at oiu' 
time woii' 111 c anbination with his sombre ;,nev dress a pair 
o( (b'l'p re'd slockni; 4 s, imde'i the' iinpK'ssioii that tlu-y we're of 
a (|Uiel black 

(iron If! I iidihos, \nothei and k'ss e-ommon form of 
colour-blmdn(’^s is wlu'ic tlu' ;,u\'('n p<'rc('ption is wanting. 

' '• Ddlloii saw no tlillninnA' bi'twonn rod uml Kroon, so that lio thought the 
fiuo a Ki''''n hunol It'at a K<>«td mat<'h (<> a stu'k of lod soalniK-wax, and the 
hark of tho loaf answotod iho liKhtor rod of wafor-e When Protc8»or 
WlioWi'P asked him what ho wonhl oompaio his sc'arh't doctor's gown to, ho 
pomtod lo tho li'a\*i‘s of tho tioos aivaind lum Da^lon fotind lw«*nty persons 
possessed of the same peenliarilv of Msion as himself. The celebrated 
melapii\sioian, Professor Uongall Stewart, was one of them, and could not 
distinKUish a cumson fruit fiom tho leuM's of the tree on which it grew, 
othcrfiise t['an In the diderenoe in its form. ” — fDr. George Wilsou in his Life 

/)iM (Il f t if's of l)ol(i>n.) 
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Only two colours an* Msihli* m the sjHctiu.a to'^iu’li )h' 1 sou>, 
and they teini nd and l>lue. in \ai\in^ tones Nd. 

3, Fif,'. ‘ih). W’hat the\ call rod extnuls fimn r\th‘ine re(l 
throiij^di tile oian^^t* and xcllow as far as. he \(‘llio\ -i^nren 
Then when* the normal e\t‘ s^ts l>iiic and hhic. tin' 
“ ^naH'ii-hlind ” ju'ison scc^nnK mio. and tin n i'lur nMciids* 
from tlie hhu' down to liic mdIcI (as s|i.*wii in N<» .i. I-V. 'Ji')) 
I'o a “ ona'ii-hhiid ’ juison icd and lIOui hoih appi ai’ 
similar, m., ud. whili' to ih<' “i^d-hlmd [x m.in k,} mid 
^U'een a|)|Hai toms o\ \(ll<o\. a- shown in \o '1. 'Jt* 
'ho holh ol tln in a md (lnM\ oi ascailri I'opjo cannot he 
distni;^nnsii(d fiom tin jjiecn !• a\( s^ , \( , |»i h\ iIk n dilh k nt 
foims. It Is to know . liowt \ri . that • oloin - i>!ind prisons 
can he ^icall\ assi^nd i»\ Mrwiii;: (hioiiL:li -niiahk (oioimd 
^das«;cs oi paiatiiK tilnis h'di < xampi* . od 1-lind " prisons, 
NieWlli;,' t hi oiiL'ii a pi ( I n plasvmaii disi iinmish i hi dillii- 
enee la I w ( eii i rd and ph i n, w hii li I lit \ » oidd imt (to ol hri - 
Wist' With the pliill plass thr 1 rd dhj( ( I Ixidlili- milrll 
alino''! hlai k m lour. whii( ihi "i,,ii i- niiallniid, 
and thus the two air u adiK disiinpuish» d 

Kol “plrrii-hlmd prisons a pK ( t "I nd L'iass o| 
colouied til 111 Is KM I lined, which has t hr i tti i t oj makinp thr 
(f'lrrn much daikri, and thus s, paiatniL' it in apptarainc 
from the red. To a prison who is fufa/li/ i oloiii hlind, i i , 
can distiiipuisli no rolom wliatrvn. (\<i\ilinip is u dull, 
neutral pTipv. Thr ••sprrinim'’ of thr nkkhi ot sin h a ras(. 
IS re[)resented m No -I. h'lp. -JCi • h'oi t unati l\ . < asi s of 
absolute eoloiir-hlmdtir->s air \ri\ rarr 

Ills rather rrmai kahlr that llirK^an \ii\ few i asrs of 
“ violet hlmdnrss ’ . , 

jj 49 It is possililr, h\ means of wrannp nd oi pirrii- 
cbloured sjH'etaeh'S for a i-oiisidn ahh- time, to Kiidrr oneself 
teiiH>orarily eoioui -lilind to the reil or tin- preni . hiit^it is an 
experiment the wigter would not recommend to dseis iiial 
0 
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colour-matchers whose eyesight and powers of colour-per- 
ception are too precious to be tampered with. • 

Dr. l^urch, liowev(;r, has experimented u[K)n himself in this 
direction, and givc's us some inten'sting details of his seem- 
ingly rather rash' investigations. He exjsised the eye to 
*the glarii of bright sunlight, behind a slieet of ruby glass, 
in conjunction with a gelatine him dyed with luageifta, and 
thus rendered himself “ red blind ”. 

Scarltd g(!raniums, hcftells us, looked l)lack, and red roses 
blue. Kxposurc- to grcMUi (‘Xtinguished all grtMUi and yellow, 
but left tlu! Icuigth of the spectrum unchanged. The (^x^xisure 
to yellow or “ ytdlow blmdiK^ss ” is particularly interesting, as 
it can b<‘ conlined to cmlain portions of the retina, and the 
rod, green and yedlow wt^re extinguished. This result would 
seem to provci the Young-H(‘lmh(»ltz theory that yellow con- 
sists of red and green rays (!ombnu‘d. This artificial “ red 
blindiuiss ” lasted for sonu' ten minutes, while the “violet 
blindiK’ss” continui'd for a day or mono 

After thus expiuimentmg, Dr. Burch found that it was 
with dilhculty that he could match colours, and if a person 
made himself partially colour-blind, all colour matches would 
appear upset. 

§ 50. It is rather a curious fact that “ colour-blind,” or, to 
be more correct, dichromic vision persons can often distinguish 
optical ditferences in colours which appear perfect matches to 
the normal or trichromic vision. For example, two shades of 
olive, one dyed with natural dyestuffs and the other dyed with 
the 'tinilines, may match each other closely, and yet have a 
different optical strucvure, and present absoqjticn spectra 
differing w'idely from each other. Though such shades appear 
similar to the normal eye, they will at once be observed by 
colour-blind people to posst^ss different compositions, • 

An interesting example is given by Professor Church, 
P'R.S., where two green solutions were prepared, each 
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appearing identical in luic to the normal c dour vision. One 
aolution* consisted of neutral nickel chloride and tlu' other 
acidulated c(^piM‘r chloride. A colour-hliiul jx-ison at once 
distinguished them as hein^ ditTenMit stud'^. 

It would 1)0 rather an interesting^ fact to know if a })erson 
of dichromic vision could detect the small restored fia;^mient* 
restored in the ancient K^wptian sky-hlue spht'iu'al iMip in th(‘ 
Paris Museum, w’hich we ha\e aln'ady nderii'd to in § IT), 
paj^e 76. The author has no douU whatiwer hut tlu' c(,lour- 
blind person would at onci' |)oint out the insiuted fra^muMit 
as showino a ditfVrent colour, thou^di to tlu* normal colour 
vision it is of identically tlu‘ sani(‘ him* as tlu‘ cup its(‘lf. 
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MAT('HIN(; OF Sir.K TUIMMiXtiS AND M NI N( ’.S-l’.Fir A VIOUU OF 
SHADFS IN AUTIFICIVL IJOIITMATFUINF. OLD FABUICS 
SOF'I' SIIADKS ]\\ MIMNO HIlKillT DVFS CHVNCHNG OF 
MIXIN) Ml \DFS ON FXI’OSl lllv 

§ .‘)1. The Colour-IVlatching of Silk Trimmings, Linings, 
Facings, Bindings, etc. -In llm inajontv of colouivd textilon, 
Kucli !is ciiriH'i.s, s. (‘iirtuins, (‘alien (‘Ic., we 

|)av lined In nolnur a]>pnai aiu'i's niKh'r artificial 

illuiiunatinii like pas ni laiiipliplit. 

If, iiii(k'r siadi nniidit mils, an\ nf the <i\ntl colours show 
ahimrinal nin<lilicat inns m liut‘, \v(' take il for piahtial that 
they could not i>(‘ niad(' tn look ntlu'rwisc. ILit nv(uy dyer 
and colon i’-ch('in 1 st imist, siuiu' liinc nr ntlu'r, ha\c ('Xpciienced 
th(' astnnisluncnt nn \ie\\inp certain slmdts in paslipht, 
winch in pond daylipht In* cenipared and inatcht'd carefully. 
Many dy('d colours aix' fniiml to match p(*rfecti\ in pood day- 
hpht.and U't wlien viewed in paslipht tln*\ arc found to he 
like each other no lonper. ddiis is a coniinon (X‘currence^ 
and, as a rult*, tin* majority of dy»*rs do not pive much attention 
to the aspc'ct of their shades under the artificial liphts. 

If vve make our shades to maicli what is ri*<5uired in 
ordinary daylij^lit, then we' consider have accomplished 
all tliat can possibly be recjuired of us ; and our shades, though 
altering V(*ry greatly in appearance in gaslight, may pass' 
into Vustoiners' liands without any complaints l>eing made 
ab?)ut them. 
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But what about our less fortunate fellow rolourihts, like the 
dyer oi silk triiiiniings, facing's, linin^^s, ete., whose shades 
must he made to appear exaetly similar m aitilieial li^du to 
those he is recjuired to match ^ Hen*, then, an^ s a special 
difficulty in colour-matching^ of which the colmuist for onli- 
narj textiles happily knows little. • 

The dyer of silk trimmings and similar ^^fottds hu* ladu's' 
wear generally ^u'ts a dyed j)iece of matcnal. cloth or rihlH)n, 
as a spe('imen shade to which he ym^t match the trimmm^^s 
and lining's to he dyed. 

Before a perfect match can ht* made -perfe<’t as n'l^Minls 
the behaviour of the dyed inateiiaK undor artilieial h;tht *~ 
the dyi'r must have souk' id('a of the optK'a! nature and 
protKU'ties of tlie dyestulTs which weio (miploSi'd m the dyi'- 
intt of his specmu'ii shade*. 

Suppose, for examph*, he a piiMu* of dn'ss uiati*nal of 
a brownish drab colour dy(‘d with fustm <tr fii'^tic, an aniline 
grey like mduhne witli [)(*rhaps a touch ol iiietlu l-\ioIet, and 
he wishes to match it on silk trimmings or nhhon by dyein^f 
with an anihni' vellow and orange, with the adihtion of a 
little wool green or cyaniiu* blue to flatten to tho re'jUired 
shade. 

By employing these dyestulfs lu; may Ik* siiecessful in 
getting a fairly good matth m daylight to his specimen shade ; 
but it will be miiX)ssil)le for him to get the t\M» shades to look 
a match in gas or lamplight. They will present a widci dit- 
ference in hue, tlie original piece of yloth appearing sonuovhat 
redder, whik* his shade, dyed to match, will appear* of a 
decidedly tjrcen cast. • 

The case might also be the*eov >vrsd, as the original 
shade to match might turn gn‘en and the dyer’s shade become 
•redder ; but, so fastidious is the taste of fasluon, that what- 
ever shade the dress article may lo<>k like* m gasliglyt — 4 niay 
change much or change little — the dyer of the silk trimmings 
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and inust, under all conditions, make his shades to 

behave in every way similar to the dress stuff. t. 

This, as many of our readers will understand, is no easy 
task. If the dyer of the dress material were also the dyer of 
the trimmin^^^H, ebw., then of course little difficulty would be 
/jxj)erienc(!d, as the same colour stuffs employed for the one 
would do for the other ; hut as the dyer of the dress fabric is 
generally a different person from the dyer of the silk trimmings, 
the latter has to prepan^ his shades so as to match in every 
way the dr(‘HH article. 

I'his involves many difficulties whicli only the expenenced 
dyer and colourist can appri'ciate, and though the shades may 
he mat(ffi(‘d to the best of tin* dyer's ability, they may he found 
faulty wluMi exaimiHHl m gaslight, and are tlum complained 
of as a “ horrid ” or a “Ix'astly match ” by tlu‘ fair wearers,* 

§ 5‘2, ddie ri'adi'i will find, m tin* dyi‘d patt(‘rn No. G 
(see A[)p(‘juli\) a very good example of this diffen'iice in be- 
haviour 111 appariMitly similar dyi'd mati'iials. d’he piece of 
silk of tlu' patti'in No. i\ was dyed with — 

.')() jxT (M'lit. na})}ttlM)l-)fUo\v, 

O ft j)«>r acid vudct. 

O’l percent, ju’id violet (> HN. 

Th<' small pi(‘(*(‘ of woolb'ii drt'ss mati'iial attaelu'd, w'hich 
matelu's the silk (dosely m daylight, was dved with - 

7(1 OK. oran^^e 4, 

54 o/. indigo suOstitutc. 

Ill ordinary daylight tlu'se two pieces of dyed material 
apjHMvr v(M'v similar, bm if the reader examines tlttun in an 
artificial light «lil\e gas or oil lamp, it \yill 1 k' observed that 

they prescMit a vt'rv wuh' difference m apix^arance. The silk 

0 

’ From ^ letter rtH'tnvod by the author from a skilled dyer of silk trimming* 
aiij^ luiluga. 
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turns to a purplish brown colour, while the woollen fabric 
chanpef>into a strong green olive. * 

And now let ns supiH)Ke, for example, that a lady has 
a dress made of the woollen material similar to the small 
pattern attached at No. b, in Appendix, anr^ tht* dress is faced 
or trimmed with the silk material. In goi^l daylight th^ 
dress *vill appear <juite harmonious, and no difTerence will 
be observed between the dress and the silk facing. When 
worn in gaslight, however, the body of tli(' dress would lie 
olive green and the silk facings of a reddish drab colour^ 
which would make a very unpleasant combination. In- 
deed, a person set'ing tlu* dyed spi'cmu'ns at No b for the 
bi'st time in gaslight could not imagine they wnnld match 
eacli other in daylight 

It can l)t‘ readily understood, therefort*, that the subject 
of colour appearances under artificial illumination is a most 
important one to th(‘ dyiTs of ladu's’ cloth matenalH, 

'Fhe vvriti'r has observed a lady’s him* hloiist*. winch was 
of a beautiful delicate Idue lu daylight, eluingt' into a dull- 
iookmg bluish drab m gaslight, while the collar and woust- 
bands — dyed with a difTerent dyestutf -retained their bine 
in gasliglit. For otiier examjiles .see Cliapter VIII., page 92. 

Pattern No. o m the App«*ndi\, dyed with 5 per cent. 
Night blue, will he fouiAl to lie a lovely blut* «'Ven in gas or 
candle light. 

kn excellent practice ad<»pte(l by many ladies is that of 
selecting arttiirml /f(/AMhe dyed materials which 

they wish to wear in su<-b lights Hv doing so, tln^v will 
often <‘s«aia* the disapiw)inlment of^bnding that thev cannot 
wear certain dress materials m gaslight. ^ ^ 

In such cases us we have cited, where the gasliglit aspect 
• of dyed materials is of imiMirtance, the writer would strongly 
recommend the use of an orange-tinted gMatiiie hlin. By 
its use the dyer can sec at once the “gaslight ’ aspt;^ of 
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the shades ‘that are placed before him, and can learn 
whether they shriw any decided or abnormal modifications 
in hue. 

For the employment of the orange-tinted film as an aid 
to dyers and colo’wr-matchers, see § 44, pa^^e 75. 

It 18 W(!ll to nMuember that in dveiiiL' soft tertiary shades 

ft ‘ * 

or “ mod(‘ lnH‘s ” by the combination of several dyestuffs, it is 
advisable always to employ somewhat dull colours for shading 
purposes If clear bri^^ht dy(^s are (Mn[)loyed and mixed with 
oth<!rs to form dull shades, th(‘ shades so produc('d are almost 
(M'rtain to prove' liable to change' greatly m hue under artificial 
illumination (see § 5d). It has aln'ady been observed in 
('bapter V., §§ .47-4*2, that tiu' optical natures f)f the dyed 
fibre and tlu' dy(‘stutf ('inployed ex(’it a powerful influence in 
modifying (be aspect of colours under gaslight. 

Inborn my own experienc(' it lias bi'i'U found that siuides 
H'fi.ii'h (titw (firn‘ (/uhn^ss oi' (ji't' tj iicsh fit fhv iihsitrjtt of 
liif/if, prixlui'i'il h>/ f/ii' riHiihinifl ton <tf lout or more hrojfit 
(hjesfnljs /loritK/ slot rpl t/ i/xfi on/ oltHorpiton homls nt then* 
sperfrii^ alnuitf'i prorr more I ioh/r (o s/toiv i(l)nor)iinl rhuncjes 
of hne ill ijOKliijfif. 

As this subj<‘(!t has now become of considerable import- 
ance to ev('ry dyi'i* and textile colourist, W(' have treated it 
specially in (’bapL'rs VIII and IX. ♦ 

§ 54. The Colour-Matching of Old Fabrics.— -It sometimes 
falls to (be lot of th(' colour-chi'inist to make a perfect match 
of sonu' tiru' old pii'ct' of carpet, tapestry or print, and he will 
experience much ditficulty m dyt'ing bis shades to match 
tbost' of tb(' original wbjch havi* lu'come mellowed ^.nd sub- 
dued by ag(* and ex[)osure. 

As I have said elsewhere,' “ old coloured fabrics have 
a (juiet beauty of colouring and a harmony of effect w*hich i 


' /)(/<’; (JM</ Calico Pnntci, Juno, 1899. 
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are Well-ni^^h impossible to represent in a nt‘\N material fresh 
from th« loom. 

“But many manufaetmers who do mn fully understand 
the ditticulties — we mi^ht almost say the ('xaspi'ratin*^ dith- 
culties — of the textile eolounst m makiip: a jxufeet match, 
fail to see wherein the dilh<*ulty lie>. , 

‘^Piit It is (juite as n‘asonai)l(\ or shall we sii\ uiniMisonablt', 
to expc'ct to find in a pamtine frrsh from the aiti^'t's 

brush all the subdiuxl harmony and tlie neh nn'llow n<‘ss 

* 

of effect seen in a Ueinhrandt t»r a 'Titan, a Uapluu'l or a 
Domemchino. 

“ ('oloured fabrics^ like pictures and ollun luxuries, retjuire 
to b(' ‘ seasoiu'd ’ in onh'r to dcwelep tliat soft mellowness of 
harmony and effect which the colour-iinxei lin<ls it so dilti- 
cult to imitate. 

“ No exact ruh'S can la* eivmi to assist m the matching of 
shades subdued hy a^u\” 

In i’(‘Storine ancient tap«‘Htnes in imisi unis, when* a new 
part reipiiri's to lx* pKxxxl to tlu‘ old, tlie luwv pKx-e, after it is 
c.oloured, is etmtly dustcxl over with T'H'nch chalk powder or 
soapstone. This eives a subdued ereyness or ladixl appearancis 
to the new part of the fabric, to make it mat<‘h well with the 
old orij^inal material 

This de\ice, how'cv(‘it is mon* the natuie of a trick, and 
would not piin favour with tccxtile colour-inatchers. 

The raatcbinj^ of the colours in old fabrics simply ie(|uireH 
more than ordinary care, and a eond oyr for distin^uisliin^' 
the nicest variations of shade. * 

Colo 1 ^r-matchin‘^^ like everythin^^ (dse, nsjuires a (‘on- 
, siderable amount of patience, t;xpen(mce and skill. 'The 
experienced dyer aiid colour-mixer can tedl almost exactly 
•how a certain shade may l>e obtained ; and can even ttive 
the relative pro|X)rtion8 of the dyestuffs rixjuired to py>duco 

it. 
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§ 54. Matching Shades Produced by the Absorption of 
Bright Dyes,— Montioii has already been made (sse § 52) 
re^ardin^ the 'diftieiilty exfierienced in the matching of tlxe 
dull soft shades which are composed of several bright and de- 
cided colours mixed together. Thus, for example, in producing 
fbrowns, old golds and olive shades with a mixture of naphthol- 
yellow, or tartrazine, w<h)1 green or patent blues and arange, 
it will be found that tin; slight(;st excess of any one of the 
constituents at oiute knocks the colour off its desired shade, 
and often much didiculty is (^xperienc('d in dyeing or printing 
each batch to match exactly th(‘ forim^ lots. It is always 
difficult to match shades a(!curat<‘ly when bright and lum- 
inous colours are coml)ined to produce thi‘ effect. But, if 
softer and duller colours be (‘mploy<‘d for mixing purposes, 
such as azo-canmiu', amhm* grey or the mdulims, indigo blues, 
patent fusline, ('tc., tlu' shades produced by admixture' are more 
readily brought 14) to the desired standard, as a slight excess 
(;ith(‘r of th(' oik' or otlierol the constituents does not produce 
such a viok'iit effect m altc'iing the hue as with the more 
luminous dyestuff's 

§ 55, Changing of Mixed Shades on Exposure to Sunlight. 

— If a shade la* producisl by the combination of two dye- 
stuffs, one a fugitivi' colour and the other fairly fast, it 
Will, on exposure to sunlight, alt(‘r‘in hue ow'ing to the dis- 
appearanct' of tlie more fugitive constituent. Thus, for 
example, a soft ahadt' of mouse brown dyed with naphthol- 
yellow, methyl-violet and indigo carmine, will change after 
seveiul months’ i*\()o8ur<‘ to the sunlight to a decidedly greener 
line. Idns is owing t^o the disapiK^arance of th»i methyl- 
vioIet.'Mt bemg^more fugitive* than the others. There is thus 
left in predommanc(‘ the yellow' and the blue, W’hich causes 
the exposed dyed material to acijuire a much greener cast.* 
It m\i8t often have been observed that the com|)o8ite “indigo 
blii. 3 S,” composed of malachite or China j^reen and methyl- 
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violet, become very much gretmer, quite blue greens, on 
exposure to tho sunlight. Tins is owing to the same cause, 
i.c., the disappearance of the violet constuuerU. A window 
curtain dyed olive with lartrazine, orangt^ and an aniline 
green was found, after long exposure to the sunlight, to have 
changed into a yellowish old gold colour, owing to the^ 
fading of the green constituent, thus It axing the yellow and 
orange to predominate. 



CHAPTKK VIIL 

ASPECT OF COLOUlk UNDKll AKTIFICIAL LIGHT-ELECTRIC ARC 
' AND MAGNESIUM LIGHTS-DUTOJN-GARDNER LIGHT— 
WELSRACH - ACETYLENE -ORDINARY YELLOW* ILLU- 
MINANTS TESTING MATCHlNCi QUALITIES OF AN ILLU- 
MIN A NT. 

§ 51). Aspect of Colours in Artificial Light.— The chan^^e 
ill a|)p(‘)inince which <]yc<l fabrics under^^o vvIkui viewed 
in artifedal li^^dit is now hecomin*.^^ a qiK'Stion of considerable 
importance 

Wlu'n any colour (‘0m[)oMtion is \unv(‘d undcu* a yellow 
illuminant lil\(‘ ordinal y coal ^nis or lanipli^dit, the colours 
under;^a) a c(*rtain chan^^* in hu<*, varyin^^ in dt‘<^r(*e according 
to tli(‘ (piality of th<‘ light and tlu‘ natun* of tlu^ absorption 
spi'ctnim of tb(' dyi'stulf. It tiu* absorption s[)cctruni be of 
a normal nature, tlu* colour, wlum vu'Wt'd undt'r a yidlow 
illumination like gaslight, w ill [)resent tlu* nomml moditication 
aap(‘ct : but should th(‘ d\(*stulf pos.sess a peculiar compound 
spt'ctrum, or any special optical pioperty, tlum it will present 
an “abnormal ” appearance* in gaslight. The following may 
b(^ d('scrib('d as the normal colour c.hanges ob.served under a 
yellow illuminant. 

A'^lk't'l of CoioKis of Xotvtal N/vtl'/jt ju 


Rods 

uppoar hnghtor and like srarlets. 

Scat lots 

,, blighter and like oranges. 

Giangos 

,, lighter and hko jellows. 

Yollow.s 

,, h'jhn** teal fade towards white. 

Unglit Gioous 

,, mtensilied and soino\\hat yellower. 

Rluo Groons 

like greens. 

Hluoa 

,, duller and tiille i odder. 

Uoddish niuos 

,, reddei and like violets. 

Navy Bluos 

,, like blue blacks. 

^ iolekj 

,, redder, like claret reds, deepening to black. 

Purploa 

,, crimsons. 
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The above moditicatioos are those ^vnerally olKt‘i‘v,'(i when 
comparillg the daylight with the ;^^aslieht of ordinary 

colours. 

If, however, the dyestutl eiiiployi'd in <]\ein;4 the fiil)nc 
should jxissess any [xruhannes eitluT* in the stnu tine of its 
ai)Soi|()lion speetnini, or in nptieal hehavioui. tht n a niaikiil* 
difference from this normal ^ashf,dit appeal anre will la^ 
obstuved. 

Two dyed fabrics, for (‘xampl<‘. 'iimy lu* a m in ( lo^e mat<‘h 
in colour durmo day hj^dit. an<l \«‘t presi iii a \ei\ wul(' ditlei- 
en(*e m appearanci' in Lias or lamphj^ht. and ' r, rs,i. Two 
shades can match (sicli other j»eiff(tl\ m nas oi lamplif^dit 
and _\et aj)pear totalK off the match wlieii \iewed in eood 
dayiieht. 

This Is a ditVicnlt) with dvers and « olnur-matchci s at llu‘ 
present dav, which was not expciieiicrd hcioic tie- inlioduc- 
tion of the artiticial or aniline dvostulU 

All the natural dv('s, siicli as indieo. aicliil, logwood, 
fustic, hark extract, cochineal, etc, change in the out* 
dir(‘ctton, under an aitilicial heht. i> . Il>f >i o// h nd fo 
Iwromr rtihh r , hut with the aniline d\es. tlieii innlti[»licitv 
and peculiarity of optical slnictuia- ei\<' 
dithculty in colonr-matchine. 

dffiis is specially noticeahh' m componinl teiiiaix siiades, 
(jr “broken hues, when* tlio several colour ei)nstitiicnts 
have each their own htth* peenhantu's ot optaai! structure 
and behaviour, W itli luiLlht red, yran^nx yellow and ^Gcen 
colours, there is little ditticulty experienced in man lmij^ln an 
artificial fij^lit, but such shades as dnahs, oh\es, ^'reys, blinds, 

• violets, slates, etc , ^re always liable to chaneo en atiy m hue. 

There are some blues, such as Ni^^ht l'lii(‘, patent l>hie, 
"cyanine, all of them tending to he gn'cmsh^ in tom*, which 
keep their brilliancy remarkably well in gas or la^nplight. 

The dyed specimen Xo. 5, for example, to l)e foundpin 
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Appendix, is. a byautifnl hhie (Ni^^ht blue), and looks about 
as well in lainpli^dit as in daylight. This is *t)win^y to 

its absorption of the red (*nd of tin* 8j)eetruin, and its free 
transmission of ^ho ‘^reiui and him* rays. 

The (lycsl ])att(^rns of searb't, rhodaimne pink and oran^^e, 
•to b(‘ s(M*n in Nos. 1 to t, are hkewis<* little altered in ajipear- 
an(;e in j^Misli^dit ; but if we (‘xannne th(' other shades, from 
Nos. () to 14, under an artifieial h-^ht, \se will at once observe 
^reat (dianj^c's in their app(‘aranc(‘. 

With (l\e(l specimen No. b, for (‘xarnple, m gaslight 
the silk chan^M's to a b/v/^/oo.s’A <irnh or khaki shade, while 
the {)ieee of dye(l woolkai cloth attached to it--thoii^h match- 
ing th(' silk in (layli‘.,'ht beconu's a sti’on^^ ulirr ijrep'n shade, 
showino the widest dirtereiKs* m hiK* from tlu' silk. 

rcMison for such stian;,a‘ moditi(‘ations m hu(‘ is found 
aft(‘r makin^^ a <*ai('ful spectroscopic examination of the colour 
Itself. Thoiij^h th(' two shad('s an' fairly liki* ('iicii other in 
^mod daylij^dit, their absorption spt'ctra, as we shall sei* further 
on, ar(^ vi'rv ditfen'iit (sec* p. 1 12). 

I^'or anotlu'r exampk' \\v may take two beautiful azure 
bhu's in solution Let om* be madi' by addmo a little 
China or malaehitt' ^ux'en to a diluti* solution of nu'.thyl- 
viok^t. This oiV(‘s a tiiu' azun' blue m dayli^dit, and it can be 
readily matclu'd m colour witli a solution of Prussian blue, 
obtained by addinj^^ a ft'W drops ferrocyanide of jxitassium to 
a very dilute' iron nitiate solution. Tlu' two blues, when 
examiiu'd side' by side in a test-tulu' in daylight, are identically 
the slime bliu^ colour ; but examine them in gas or lamplight, 
and a wide ditTerence if*, appearance will be obserWd. The 
Prussian blue 'keeps its IxAtutiful pure [due tone in artificial 
light, while the composite blue, made with green and violet, 
changes to a reddish lilac or an amethyst hue. If the solu-*^ 
tion alrong and deep enough it becomes almost a purple 
orSnagenta m lamplight. 
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This IS a simple and charaeteiistie east*. Ijy «‘\unuiunL' 
the two-^diie solutions with tin' pm-kel spocti(»sco[te. Mieh as 
shown in Fi^^ -9, pa^^t' 1 IS, it will lu*ol>st‘i v<‘il that the I’russian 
blue absorbs tin' red I'lid td the spi'etiiim and freidy tninsimts 
tlie j^reen, bliie-^u\M'n and blue, while tin eoin|>osilt‘ aniline 
blue^show’s an almost free transmi>si()n of the extiaone r»'d and* 
oran^t^-red rays. If, thendore, tlu'st' two enlouis be viewe^l in 
a b^dit eontaining a lar^e prt'pomleranee (d n*d and <'iiinL'e ravs 
— such as L'as and lamplij^ht -th{‘(^>lom. wiiieli reiidiK inins- 
mits or reHeets th«' real and nran^^e, will neeessaiiK appear 
much redder; whiK' the other, absorbiii;^' (be nd ia\s. will, to 
a ^’eat extent, preser\»‘ an appt'aiaiu'e alm<»>( similar to it'«i 
dayli^^ht aspi'ct. 

The inujoi'ih/ of ih/rs t ra if tin’ rrtl /’oy>, irhdf 

othfi'H iransinit fin' ifreen (Unl hlui roys' inon‘ rciKhli/ flntii 
anjj of the ofherti; and from this foci ort'<cs much of the 
(iifjii'Hlf y c.rpc ric ncci! ui colo\t r-moft h i loj, o mi of fhe oh- 
iiormoi mod i firof oms ni hio' u ndcr ortifo >ol iti ii m i not ion . 

Su])pos(', for ('xaiiipb', W(“ bavi- a siin[>l(' carped pattern 
done in a series of four line rich browns, laiiemL' from a 
deep s('al brown, which coiistituti's the* f^round colour, to 
a li^dit old L^old shadi* ed its liLdite'st tint If all the seru's be 
made m the same manner, with the same colour constituents, 
then no want of harmdny or balance ol the colour scale 
would be observed wlien th<‘ carpet was suwved in L'^iwliL'lit, 
or in fact any kind of illurninant. Jhit let us supj^ose that the 
colourist dyed his L^round sluub' \^ith oran/4e, fast red and 
aniline ^U’ey or induiine, and in the holder shades (U the 
series he^unployed wool ereen, cyanr^e or patent blues for the 
• saddening agent. The harmony of gradation of tlie scab; may 
be faultless in daylight, but when the carpet is viewed in 
•artificial light a total want of balance and harmony is at 
once observed. The lighk*r figures on tin* groined Income 
very much greener, and no longer step in harmony witl^^the 
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^Tound colour which changes little in gaslight. Interesting 
examph^s of this are described in § 67 and represent^ in the 
coloured frontispiece. 

It has h(.'en suggested to utilise; this different appearance 
in gaslight of colours appar(;ntly similar in daylight by pro- 
‘flucing woven fabnes having the warp threaids dyed by, one 
class of dye's and the* woof matching exactly the; feirmer, but 
dye'd with colouring matteu’s of ehff<‘rent bediaviour in gaslight.* 

In daylight the; fabri/; appeMirs to the e‘ye‘ all of one 
umforin colour ; but whem viewe'd m gaslight a design of 
a dilf(;rent colour appe'ars on it, proeluce'd by the elyed thre3ad8 
changing diffe rently in hue* unele-r tin* artificial illunnnant. 
b'or e*xanipl(', be*lore- me* jis I write* lu*,-, a ])ie‘e:e of ladies' 
cloth material showing -unde'i* gaslight -a e*e)loure‘el de*sign, 
/.e^, figures of old gold Upon a greeunel e)f a elull j)ink e)r 
re*eldish plum colour \\'he*n vie*\ve‘d in elaylight, liowe*ve;r, 
this niate'i’ial is all e)f one* e*olour, naine'h, a bre)\\nish drab 
or khaki sliaeh*. 

Many e xample's ot ditle*ieme‘e*s m l)e*ha\iour m apparently 
iele*ntie*al e*ole)urs are* e’onstantly me*! with in the* every-day 
elutle'S e)f the* elye*!*, aiiel, jis \\e* liave* ahe'aely se;e‘n in JJSi -M, 5‘2, 
give* rise* to mue’h trouble in cole)ur-mate’hing. 

He'fore proe*e'e*dmg furthe*r it may be we>}l to e]e;se*ribe 
brie'fly the* elitfe*re*nt e'ffe‘e;ts that the;' varieius artificial illuini- 
nants have on e*ole)ur ap])e*arance*s. 

55 oT. Electric Arc Light. - Ne) doubt every textile coloiinst 
and i*ole)ur-mate*he‘r mus^ have* fe'lt the* great need of a geiod 
artificial light that can she)w all ceilemrs in their true daylight 
aspeH’t. * 

Me)st e)f e)ur«large elye* houses anel e-olpur labeiratories are 
htted up with the* e'lectric arc light, which gives a beautifully 
clear and lirilhant light, and forms in most cases an excellent 
substitute Jor daylight at night or m the dark winter months. 

* Mduiidl of Dtitdtuj, b) Dr. Knecht, Hawsou and Loewonthal, p. 883. 
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But every colour-matcher must have cxpcnciu-t'd that tlie 
electric Arc, tho^l^dl imdouhtediv ver\ (](H's not present 

many of the dyed colours in their true daNli^'lit aspt'et. It 
has often been found tliat cc^lonr matches made nndi'r Us 
Iif^ht re(piire to I'e considerahlv altt-red when <la\liulu conies 
Thisjnvolvt's serious expense' and loss of tnn»‘. 

Thfs IS found to occur not onlv m (lu* dve h(Mis<' hut (dten 
in pajier mills, where a sample' of tinted paper ir(juir('s Ix^ 
matched wliih' the' machine is rynniim ni^dit. W'liat 
se'cme'd a pe^rfeet match in tlu' I'K'ctrie aic iichl iiii^ht he 
found till' ne‘Xt morning to he faultx and letjuiiiiiL: to ht' 
tmte'd over a^niin. 

'riu' ordinarv fundaini'iital eolouis. such as le^i, oranee. 
yellowx ej’eeii, blue and violet, nia\ hi* inalehed with all 
safety m the electric aic li^ht : hut it is when w<' conu' to 
('xamine comfioiind sluidcs, such as lieht di ahs. cii i ines, olives, 
^^revs. slates, e'tc.. or the; mmmu'iahle hiokm tints, that we 
find Its de'fieu'iicy. 

If Wi' t'xamine under the clectlic aic the eoinpoiind d\< d 
shade's to he loiind at Nos (> to II in Appendix, wi' will 
ohserve a coiisiderahle dUTereiic(> in then app«aianee from 
that of their dayli^dit aspect. 

The li^dit ohtaiiu'd from hurmii^Miiaunesiuin iihhon (see 
ji oH) is e'ven better for miltchni^^ than the aie lielu. hut even 
with it some fe*w' shade's do not appe'ar e'Xactly as in daylij^ht. 

A dull greenish o//cc shade dved with indip'o blue', archil 
and fustic, pri'seiits in daylight a wi^le difteri'iiee in appi'ar- 
ance from a dull ruHst't shade, dyed with aniline oranp?* ( 1 , 
naphthol-fellow^ and wool ureen. i'et under th<* electric 
• arc li^^ht they appear fairly similrj*, hut with 6his dilTeri'nce, 
that the olive shade appears m/e/cc than the russet a result • 
Exactly the opposite from dayh^^ht. It is only when the 
shades are examined “overhand” way, e.c., hy triviRU^tted 
light (see § 35),^ that their true daylight aspect can «l)e 
7 
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under the arc light. This fact applies afso to 
the niagiu'siiiin Iigiit 58). ^ 

Although most colourists are aware that the electric arc 
differs sligiitly from daylight, yet the general opinion is that 
the arc light is too rich in blue and violet rays. Several 
"writers on the suhjc^ct hava; also held the same opinion, and 
ev(‘n gone tlu^ hmgth of rccomimmding colour-inatdiiers to 
use i/rf loutish -UwivA] glasses to absorb the slight t‘.\cess of 
blue and viohd. 

Jhit had these writers only testc'd for themselves the 
effect of th(‘ iirc light on th(‘ aspect of colours, th(\v W'ould 
hav(‘ found that the facts of the case were exactly the 
opposite. 

Idit' pK'si'iit writer pointcsl out stweral years ago that 
glasst'S of a slightly hlmsh tint wert' reijuin'd to giv(^ to the 
electric arc light a truiT daylight elTect by absorbing the 
slight ('xcc'ss of the; h'ss refrangible' red and ye'llow raysd 
]hit if the shades 1)(‘ examiiK'd bv the' “e)\erliand " method 
as ali'c'ady numtioiu-d, a ve'ry good leiesi of their true' daylight 
aspeed IS gaiiu'd 

In ordt'r to ovtuvome the' disadvantagi's of the arc light to 
the' ti'xtih' eM)lour-matclu*r, two investigate)! s, Messrs. Dufton 
and (lardiu'r, have', after much care'ful e'xperime'nting, intro- 
ducc'el a specially tinted e-oppe'r-blue glass gle)l)(' for aurre)unding 
the electrie- arc;, and thus making its light in exact harmony 
with good daylight (st'e further the l)ufton-( lardner light for 
matching, 59).-’ 

We have already observed, in Chapter II., §§ T2-23, that 
daylight is most variable in its nature, scarcely ^ ne hour of 
the kame cpiality. Sucla a light has, unfortunately, to be 
discarded by the scientist in his accurate researches in colour 

1 Journal .SVv'U’/v of Dyet s atui CoUmrish, November, 181K), No. 11^ vol. xii., 
•’ Tlif' Kxivminatioti of Colours, aud their Appearauces under the Arti6cial 
Il'umiuants 

'Ibui., Novoiulwr, 19C0. 
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physics, and the stf aiiicr and inon* ndiahlc ('Ircrnc !ir(' 
is taken Us the standard. 

§ dS. The Magnesium Light.- I’Ik' hnlliant Nshite 
produc('d hy hurnm^^ nia^^nesiuni wiieor id»l)on nn^st ns(‘- 
ful to coloiir-inatchers who hav(‘ not tho cKs trii' lij^dii at llunr 
diHpo|a!. Dnrnio dull..fo;^rov waaithoi m tlio w inter inoiulis. ' 
or diinn*^^ ni^^lit wtn'k, tlu' eoloiinst. 1 )\ luiniine ma^in'Minn. 
may a very ^^ood idea of the true da\lii 4 li( .i]'|ieaiaiu e of 
8lnid(‘s. » 

For the purposes i>f citlour e\aniinal kui. in d\e hoiist's, 
paper mills, colour lahoratoi u's. etc, \.i.iious t\))('s of inae- 
n(‘Sium lamps are sold, which. h\ means (*1 ildckwoik. can 
be madt' to I'lnit its hi ilhant lieht foi half an houi or mon* 
But to dyers and coloui -matclnu s who ah' skill. d in oIkci vino 
at a ^danee any ditrertuiccs in shadi's, su< h lamp'^ nia\ almost 
he dispensed with, as a toot of ma^UK'sium rihhon hi‘Id with 
pincers hy an assistant, or e\(‘n h\ tin' coloui isi hinisclf, 
answeis tin' purpose (Mpialh well 

The aspect ot shades umhu the niaoiK'sium lioht aia* m 
the great majorit\ of ( ascs identical to that ol da\hoht. It 
is only when tin* shades are of the ahnoimallv sensitive class, 
such as we havi' deseiihed in ah, ‘>7, toinpoiind drahs, 
greys, olives, ete , that a slight dilference is notiei'd troin their 
daylight ap[>eaianee. 

To the eye of an ohsmver the magnesium light, like that 
of the ek'etric are, app<*ais of a deeiih'dlv hluish tinge, hut 

when tested with stweral of these extra sensitive- (i\( d colours 

« 

its effect is that of a light having the slightest excess of 
orange rafs in comparison to the difylight. 

‘ It is rather an inyu’esting fiw;t 'that all verv hnlliant illu- 
minants, such as magnesium liglit, electric are, Wc'lslmeli * 
ftican(|escent, acetylene gas and oxyliydrogc'ii June lights, all 
appear to the eye of a hluish or greenish tinge, and*yet*thcy 
all show in cofour-inatching an orange or yelkjwish effect. * 
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H(;vonil Ui(H)i*je8 been propounded to try and explain 
tliiH, hut tin? true r(*ason stdl renuiins doul)tfiil. 

To iiiany dyers tln.‘ ma^uiesiuni lij^dit is of much help in 
making, what vye might hum, “snap-shot” (‘xammations of 
dyed shades duriifg tlu* dark months, or after g<K)d daylight 
has gone. . , 

It has already Ixaui imuilioned o7 ) that, \Mth*colours 
very sensitive; to (diangc m artificial light, tin- truest daylight 
asp(‘c( Is ohi aiiK'd hv vioui'iig t hem “ o\frhanel ” method ( 85). 

Investigations maelr eeii this suhje'eU hv the‘ \v rit(‘r she)W, 
from the e-ol()Ui‘-niate limg j)omt eef view, that the* magnesium 
light is slightly Sllpeu le)r to the* e‘le‘e‘t 1 le’ are, hut heeth llluilli- 
naiits prove- valuahle* juds to the- e-olonrist 

^ 50 . The Dufton-Gardner Patent Light for Colour-Match- 
ingi 8’liis Milualtle- impro\eme*nt em the- aie light, hrielly 
allude-d to 111 a pre\ious pamgiaph 57i, is the le-sulteif a 
long serie-s eil e-xpe-riiiK-nt^ l)V two well-known e-olounsts, 
Me-s'-.i's Aithur Hufton, M , )>Se, anel W alle-r M (larelner, 
h\(’ S., ol Ih'aelfoiel Te-ehnieal (’olle-ge-. It e-emsists 111 sur- 
roimehng the- e-le-etrie aie- light with a spe'eiall\ tinte-el hlues 
eojipe-r glass glohe-, whie-h alisorhs the- e-xact amount e)f the 
pre-jionderatmg le-el ra\s from the' are- light, anel thus re-nders 
it similai to good daylight. 

'riie-ir lirst attempts to nmdifv^ the- (-leetric light so as to 
hring it into e'\ae-t harmony with daylight we-re- like tei end 
in failuie'. In an mte-re-^ting article- m one* e>f our elyeing 
journals,' the- authors tv-ll us that, after fimtless ex^xHiments 
witfi a gre-at \arie'ty of hlue and green ceiiours, they found 
tliat the ele'sircd elleHet cemid he produced hy tl^A' use of a 
dilute' solutiewi of copper^sulphate, winch has sharp absorp-^ 
tion in the di'ep red, e-xteiidrng with diminishing intensity 
inte) the' yellow-gr^'*'‘L transparency for the bjue aifd 

Violet, e- 

^'jonnidl SiX-irtij of Ih/ns ami Co/eeaiNO', No\cn)lHV, 1900, No. 11, vol. xvi. 
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Having dt*tonuinocl the exjwjt shade of blue reijuned for a 
certain Ifcnip, th*ey next turned their attention to tlu' pouluo- 
tion of a blue cupric glass of tlie same tint Tins they found 
was e(|ually etYectivt\ and an electiic are light, suirouiuhsl hv 
a globe of the proper tint of blue-eot>pcr glass, gives a light 
of eij^actly tlie same cljaraettn* as da\ light lor coloiii-niateh * 
ing. The new light has been suhjtH-tc'd U) the most scseie 
tests, t.e,, hy examining a senes of coloured faltrii s dvcsl 
with the (lyi'stufTs most liable to ^diaiige in artifu ial light, 
and also by dins't comparison with tla\ light, and in every 
case the modilic'd electric arc hglit agieed exactly with day- 
light. 

No othei aititicial light that wc know of can iiiuleigo 
such ciucial t('sls. In every hianch of dumig and colour 
industry, wlu're shadi‘s ha\e to he can'lulK examiiu'fi. this 
])ufton-( Gardner light, which may now be ohlaiiu'd m the 
form of a s[)ecial lamp,* will undouhtedh proNc of great 
aSS 18 tHIIC(‘. 

§ ()(). Welsbach and Acetylene Gaslights. Tlu* otluu* 
artificial ilhiniinants which conn- m‘\t to the magnesium and 
electric aic lights in regard to their ustdulncss lor ciilour- 
iiiatching are the various forms of the “ W'elshach " or 
incandescent gaslights and the acetyhmc gaslight. d'he 
iiicandesct'iit light', on the Welshach principle arc a great 
improvement over the ordinarv gas, l»nt though ihcir light 
presents to the eye a gremiish or siekly l<»ok, they ncviuthe- 
less contain a cons!d<'ial)li* evess^of red and yellow rays 
compared wuth the idectru- are and magnesium lights. * 

By vi«?xving the shadi's in th(‘ “'^veihand” way, a iniieh 
• IxHter idea of thiur daylight as|)e*t may he t^iiiiefl, hftl this 
class of illuminants cannot k* em[)loyed with any di'gna* oC 
•safety while matching the sensitive and changeable shades 


F^pni Jaudus Arc Lump Electrual [.Ainp Co,, litd. 
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8uch an wc luiv(‘ often had occasion to refer tf) in the previous 

f 

pa^^es. 

All Hucli ilfiiniinants show too ^^o’eat a pr(‘doniinance of the 
red and oran}4(i rays, with a eorrespondinj^ deliciency in the 
blue and vioI(‘t. A simph' nu^thod of d(‘t(*rniinin^^ the colonr- 
»niat(diin^' (juahties of any ilhnninant is to examine under 
its li^^dit a f(‘W crystals of pnr(‘ suhhim'd anthra(;ene (C 
I'hc crystals in davli;^dit posst'ss a h(*antifiil v iol(*t or amethyst- 
coloured fhiorcs(‘(‘nc(‘ whi^di is invisible in yellowish or orange- 
tmtiid ilhimmants an mv own ex})(‘rim(‘nts ther(^ seem 
only to l)(‘ thie(' artificial h^dits capahh' of showm^^ as in 
daylii^hf this delicate violet Ihiorescent colour, and th(‘S(' are 
th(‘ ma;4iH'smm li^dit, electric aic, and th<' Dnfton-dardner 
li^dits. ruder all otln-i illnminanls this Ix'antifnl violt^t 
tince IS lost. 

'riu' tnhiilat c(l M'sults on tli(' m-xl p.i^^e slmw the dilho’tmt 
effects Ihatlhe (ho'c li^dit^. / r. electric arc, “ W'lUhacli,” and 
ac('t N’lciK' ^Mis, ha\e upon the aspc'ct of dye(I shades It must 
!)(' not('(l, liow('\ci, that most of tlu'se slnuies, t.r , fi’om IV. to 
Vlll., are of 1 he siipei -seilsit l\ e class. 

til. Acetylene Gaslight. 'The extreim' hiilliancy of 
the 11 anil' of tills nit ('rest in^^ ilhnninant has naturally su^'^U'st(‘d 
tlu' idea that its li^dit nn;^dit hecmplined h\ d\ ers and colour- 
mixeis tor in.i.tclnn»^Mh('n shadi's \\*nen daylii^ht is not obtain- 
able. Indci'd, it has often been lecoinmended for colour 
mdustrii's when' the finest Nunations of shade have to b(^ 
(list m^^nislied as a'‘p(;if('cl subst it ute for da\ licht and as 
“ slunvin^^ colours m their tini* aspect 

'This, however, is, a pri'valeiit misconc('pt 5 ^n. I'he 
ac('t \ It'iK' ^ashelit [)ossess^s many interi'stin^^ and valuable* 
.(piahtics as an ilhnnmant. butfunfoitunatidy this im])ortant 
feature of show 11114 the true dayli^dit as])ect of colourit 
cannpt U‘ assi^med to it. Strange as it may appear, all 
slh^des when (‘xamnual under tlu' acetylene Ifght slu^w the 



103 


. WELSIIACH AND ACKTYI.ESE EIOUTS. 


effects of being illuiiiinated \YUh a light haying a slight 
excess (ff orange' rays. 



From an exliaustive of 

shown that the acetyleno light. h< 


(•\j>cnm<^iN it, ha^ hocn 
,wt‘vcr brilliant and ^mre 
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it may appear to the eye, caimot be Hafely employed by Jyers 
and textile colour-matchers.* *’• 

I’he dedicate violet-coloured fluorescence of anthracene 
crystals, already alluded to in the previous para^^raph as a 
good test for a suitable matelnng light, is invisible in acetylene 
‘light. Many of tlu; b(*autiful tints of blue and violet j;o be 
found in flowers like the forgeit-nie-not {'iiujosotis puliUtris), 
tlui eoinnion hair-bfll (ra ntjKi nuhi roftnu/i fofid), the hya- 
cinth, th(i viohit, a^nd many otinu's, change gn‘atly in 

hiU! in aec'tylenc gaslight. d’h(i blues become lavender greys, 
the lilacs ar(^ c,hang(‘d to [rinks, and th(‘ bluish [uirpkis become 
red viobits. llnd(*r acetylem* light tluj greenish aniline blues 
lik(' metbyhsK', tur<iuoise and paUmt blui's turn very much 
gns'iier in biu', and indeed can scarcely lx* distinguished from 
gnums. All th(' many sensitiv(‘ compound shades, such as 
olivi's, drabs, gn^ys, ru^sids, (dtriiu's, slates, tde., also change 
greatly in ap|)earanc(‘. 

A soiiK'what amusing instance of tire change of ap[)ear- 
anc(' under acetybure light may 1 h‘ given from the writer’s 
own exp(‘ru‘nce. 

An (‘\act repia‘S(mtation of the beautiful skin of the 
bM)[)ard, with its tawny brown colour and its deep maroon 
spots, was wislu'd to Ix' I’eproducrxl u[X)n a carpet. An 
accurat(‘ and careful match of alTthe colours was made by 
the d>er, tin* dull taw ny colour being produced wuth orange, 
naphthol-yellow' and wx)ol grerui. In daylight the dyed shades 
were a peifec-t match to /-he leo[)ard’s skin, and the carpet by 
daylight was considtuvd (“Juite a success. 

Hut tlu're was consid uahle astonishment when The carpet 
was viewed m a-’etylene ligkt. or m fact in any of the yellower • 
dllummants. The beautiful tawny brown of the leopard was 

c 

• Sco The Asptna of Colours uudor .\cet\lono Light,” by David Pitterson, 
Dyer dahro Igniter, Maroh, ISIKJ, also Journal Soctrly Dycfs aptd 
1800, No. 11, vol. xii. 
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changed into an olirp (fnen,ji]\\ite a novel r(d(»ur for sucli 
an animal * 

The original skin of tli(» animal showed litlle ehange m 
its appearance in artilieial liglits. 

If the tawny hrown colour had ht'oe <l\i‘(l witli perhaps 
some of the vegetahle dyt‘stulls like luetic' and archil, o* 
fnHt?!le and some of tin* anilim^ brown d\ts, a shadt' could 
have been obtained to keej) its right e«dour lik(‘ the oiigmal 
even in the artilicia! light. 

Examples such as this ])ro\(‘ rathei peiph'xing to th(‘ 
anxious d}er and colour-mutclu'r. hut we hoj>e in the fol- 
lowing pag(‘s to explain the causes whieh gi\e ns(‘ to such 
differences in hehaMour, and thus eii(lea\oui to assist him m 
his ditficultu's 

If the readi'i’ wishes a moo' cxhaustui' account <tf the 
behaviour of ditferent colours undoi tie' aceiNlnn light, lu' 
may consult tlu‘ two articles ah-(‘ad\ mcnlioiird in tlu* 
footnote of preMous page. 

§ ()‘i Th(‘ ordinary lilummants like nKil gt/v, ml hiinn, 
oIpcItk' (fh)U' Idiiip and <(iinlh' ht/hf me all to(» rich in i(*d 
and orange rays to he of any s<*rvie<' as a siihsiitute foi day- 
light in eolour-matchmg. 

They are neviu'tlu'h'sH of vahu‘ t<t the eoiomist, as by 
viewing shades in such^i light he can often di^eeiii peculi- 
arities of hue and optical behaviour that would otherwise 
totally escape his detection in daylight. 

77ncs, i/us or Unnjd ojid 100 IJ hr nnitlmiiil o'lf/i od ('o ntoffr 
in examinnoj t/ir hlor^ vodrt mfd <irri n rlof<H of roloiirn, 
and nls^ niotuj coniioomd shodr.s^OH 'ohijht (h^jrrrtn'Ps nt 
hue or in (tpticol sfriu hcrr, v linjt 'tuoild hr o>'< rlookrfl irhdo 
nxatchimf in V'hlir dajjloi/d, ht ronw ho* nrvr ni ooird otidr^' 
• an oraiKje dliiininnnt u-s to in o( otor opporrnf. 

fror example, tw'o blues may match each otl^r ylosely, 
but one may have the very slightest tendency to be moire of 
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a violet hue ; .undcjr ^^asli^^ht their difference liecornes at Once 
viHihle. The latter shade is turn(*d much redder. 

Many similar (examples mi^dit he ^iven with greens, blue- 
^'n^eriH and violets. 

Mve.ry (•oloiirist, knows the usual ehan^^es in appearance 
ivhich ordinary (ailours under<.jo in or lanipli^^lit. 

W<‘ liav{‘ already described most of tlu*se modifications in 
§ 00. 1{('(1 and oran^u* appear bri^^htened, yi llow seems to 

fad(^ and li^dii tints of yellow apjiear whitt'. so that pale 
yellow and wliit(‘ ai<‘ mdistm^mishabh* m a yedlow or orange 
illuminant 'The piimrosc^ and tin' white lily both appear 
the saiiK' tint, and pale yellow gloves cannot be distinguished 
.from whiti' ones, 'rin* beautiful <-lass of pinks, sucli as the 
(‘osiiK's and rliodamines, which o\\(‘ that ehai .letiuastie. Ixaiuty 
to tli(‘ir bluish bloom, loS(‘ mueh of th«*ir bhit‘n(‘ss in gaslight 
and tend to a,ppeai iiioie oiang(‘. 

( 1 reeiis, blues and viohu w it h all their intei mediat(‘ hues, 
beeonu' moie inodilied the mairer th(‘\ approach to tli(‘ violet 
('11(1 of th(' spt'ct laiin. 'This is owing to the gieat di'lieieney 
of th(' hi IK' and \ lolet ia\s m all tlu' conn non illiimmants 
Coal gaslight m comparison with da) light contains only 
about 'JO p('r (‘('lit. of tin* gn'cii rav^, 10 p('i ('cnt of blue, 
and o p('i (‘('lit ol th(' violet ra\s. .Ml ('oloiirs, tlu'ia'fore, 
b('longing to the blue and Moh't* class must aeeordmglv 
bc'coine alti'ia'd in appeaianct' under such a light 

Thete aie sonu' iK aiililiil aniline blues. hovyi'M'r, such as 
Victoria bliK' and Night l)hK' (a dvt'd sp('cinK'n of whu'h will 
b(' S('('‘n as No. d in tin* A[)pendi\), nK'thyk'iU' and Nik* blues, 
wdiich will k(')‘p t Ik'ii ck^'ii bliK' colour o'lnai kalily •♦s ('ll even 
m gasOght. 'rjns is owi.i^^ to tlu'ir absorption of the red < 
Xa\s. and tlu' li('(' tirtiisniission ot. all tlu' gi (H'n. blue and violet 
(UK'S. ('ons('(|uentl\ , such bliu's, I'vi'U wlnm illuminated* 
wuth an ;irlili(*ial light, pri'sorvt' to a grt'at extent \heir 
bt'inity oi hu('. 
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. It will always he foumi the eii'ie when the eeloiire<l rays 
reflected by ain* colour an* eoutined to oju* <‘(‘rtain [)ortion 
of the spectrum, either n'd. \«'llow -^u-ei'ii or hhit*. that sucii 
colours do not show ci ”rt*;U inodilieation of Inu* under anv 
of the ordinary ariitieial ii^iit^ If the hhus eonlain a 
(juantity of red in tiu'ir coinp«KUi(Ui. tlicn thcs hk* certain t^# 
clian^e in hue in ^uisli^dit. 

A spKuidid hri; 4 ht which keeps its eolom Iteautifully 

111 anv ordinary illuimnant. mav l)r d\i'd with three paits 
(piinohiH* yellow and two parts acid eiis-n Such a ^^n'eii 
dyed on silk is as bright and lustrous in easlielu as it is 
in dayli^dit. Hv studvino its ahsoifition speed uin we find 
that It transmits, as uearK as pi»ssihl('. onls the pine Ltns'ii 
ra\sa})ont the lines M of the spcM-ti um Sucli a colour will 
kt'eji Its hue i'\en ill ;^Ms or candle li^thl In d\'d pattern 
No. (). in th(‘ Appendix, w<' find two (oloiirs \ei\ similar in 
davlieht and diflenne wideK in ^^'aslieht The silk pattern 
shows a free ti ansinissioii (»! th<‘ lasi ia\s, while lh«‘ woollen 
material attacheil show s st ion;^Nihsorpt ion in the led and frei* 
transmission ol tin* eiemi and blue ra\s In d,i\li^dit the 
optical properties ol the two aie about eipjilK balanced, 
inakine what we term a “ mat<-h ’ luit. wheiawer these 
colouis are (‘xainimal under a lij^dit possessimj ,i predoim- 
nanct* of led and orano(‘*!a\s, then the e(pnlib!niin ot hue is 
disturlx'd, the <l\ed silk IS i(*ad\ to transmit an\ amount of 
red laNs; wliile the woollen matenai i^))'^olbs ibc icd. and 
transmits more leadily the ;^ueen^i<i\s eonse<pieiitlv they 
a[)pear in ^uisliojit wkIcK dilfenmt m hue. Th.‘ silk Ikm-ouk's 
a dull riildish brown, while the woulieii matenai beeome^ a 
strone ()li\(' ^M(*en. d’his is s( ep^#tx one(‘ ie. ' lew mo I'm 'in in 
eas or lamplif^dit. • • • 

Other examples, hut less pionounced, ma\ hi‘ found in 
tlu‘ dyeil pattern filates. Nos 7 to M, wliicUai^- fully 
described iif Cha]>ter IX . juioes 1 1 1-1 Mb 
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We have already observed ^that the compound shades' &re 
very liable to shdw abnormal changes of hue in gaslight. 
Their “ gaslight aspect ” depends upon the most chamjeable 
colour (‘onstituent in their composition . 

For example a slate blue dyed with azo-yellow, fast acid 
blue and cyanine blue, reddens considerably in gaslight, even 
though it contains cyanine blue, which turns much gf^ener 
in gaslight. Hut the gri'ening power of the cyanine blue — 
if W(‘ might so express it — is over-ruled or masked by the 
more sensitivi* fast acid blue, whi(di ralilens in gaslight, so 
that tlu' njsultant asp(‘ct is produc(3d bv the latter more 
changc'ahle dy(3stulf. In a similar manner olives made with 
oiang(‘, yellow and wool grt*en turn much gri'cniT in artificial 
light : but if a [iroportion of the wool-green constituent be 
r(3plac(;d hy methyl-violet d H, a similar daylight shade of 
()hv(‘ is produces], which, howeveu*, iH-comes redder instead of 
gre'crn'i’ in gaslight. 'This is owing to the; gre'ater change- 
ahihtv of nu'thvl-vioh‘t than tlu' cvanine blue in gaslight 

OiK' of the worst illuminants by which to judge colours 
is the eh'ctiic (fhoe /o //<,/>, as it contains such an excessive 
pred()minanc(3 of tlu‘ real and orange rays, biveui the most 
expi'i’icmeeal colourist may lx* completely dectuved as to the 
true aspect of the shades (‘xammod under it. It is a wise 
plan, w’hudi many ladies adopt, to« select by gaslight or the 
electric glow lam[)s of th(3 shops those dress materials and 
colours w'hich an‘ intended only for evening w'ear. 

Many a [imson might thus be saved the disappointment 
of finding that some heautiful vSoft shades selected in the 
daylight hecome cru(h‘ and disappointing in the» gaslight, 
and likewise tlje conver^^^^ , 

, A somewhat amusing instance occurred to the writer 
himself, and tweii at the very time he W'as specially engaged 
in the stpdy of colour apiX3arances under artificial hghts. 
Ooijjg to stay with a friend, be washed befor&^ doing so to 
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p^irchase a silk neck-tu\ and <ii‘l<rt(‘d, uiulrr the li^du of tlu‘ 
electric* glow l^lnp in tho shop, one wlmdi S(‘eined to hnn 
of a remarkably chaste and ndiiH'd pattern. It was of a 
beautiful soft dove-gre\ with a white strijK'. Imagine his 
surprise and humiliation iu*\t morning when it tunu-d out 
to a garish fhiU'fK'kJ)! nr irilh n yilhn(' ^frifn’ • 

(■"nder the strongly orang(‘-tmtt'd illuimnant. sellow could 
not he distinguislu'd from wliite, and such a light Iwaiig Sd 
gn'atlv didicK'iit m tln‘ hhu' an^l moIcI caiiM-d this 

otU'tain blue to 1 h‘ so s.iddmied as to appeal a sett gre\ . 

§ ()h Testing the Matching Qualities of an llluminant. In 
order to test an illuimnant lor its c-olniii -matching (pialities, 
it IS iK'ci'ssaiy to <“\aimn(' uiuh i its light a srlectum of 
eolounal mati'iaals winch sinov ahnoi mal < oloiii < haiigts under 
gaslight, d'he delicate tints «)f blue and Mold lo hi found m 
many yarietU'S of common llow^ns, such a^ the haie-ixdl, 
hyacmtli, forgi't-nie-not, >\\vn\ Moiet, the di Iphmniins. etc , 
aia' \ery setisiliM' to any aililicial illumination, and foini 
usi'ful tr.sf-i-ohni i"<. Till' delicate V iolet -colon! ed thloicsec nc(‘ of 
aiUliracdie crvstals has alieadv h(‘en leleiied to sie^;r)l) asa 
simple and dehcated(‘st foi showing il an illummant Not good 
colour-matching <piahty. 

Hut perhaps the most practical tr^i i nlmt aie those 
delicatii compound dyed shades piodiKaal with man\ of the 
aniline dyes. It is possible, by sele< tmg cei tain classes of 
dyestulTs and comhimiig them, to produce ver\ sensitive 
shades, which change their aspi'^t with even tin* faintcHt 
difference in tlie (jiiality of daylight. Some of thesi* shadi‘s 
alter in appearance with the timeyf tiie day . and what was 
considered a matcl^ in the mornwfg is olf tlu desired ihatch in 
the afternoon. We have ahtnidy mentioifed compound shad«*s 
of ^his nature (see §§ 51, 5*2), and tiie d>c(l specimems to he 
found in the Appendix, esp(‘cially No. h. and the |fainifrom 7 
to 14, sho^ inl;,eresting changes It must hi! reim in^lered, 
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however, tliat in onlcT to jiuj^^e correctly the modifications 
which the dy(‘d s}uid(!S und(!r^'o in ^^aslight, wfe must have for 
comparison other slnuh^s, similar in daylif^ht. which show 
litth; or no chan^^e of hue under sucli conditions. The 
differences in hehaviour an* then more accurately noted than 
ff we d(*f)(‘nd('d sohdy upon the nn'in^onj of tlieir dayh^dit 
asj)('c-t. It IS \s(‘ll to nmiemher, as we have aln*ady oh- 
S(^rv(ul in the cjisos of tlu; ac(?tylen(' and Welshach lights 
(§§ ^10, ()1 j, that the hnlliiyicy and apparent whitoiu'ss of the 
illuminant to tlu; iyv cannot lx* taken as a guide to its 
colour-matching (pialities. 



rilAlTKK l\. 

INFr.UENCK OF I'lIK \MS()lU‘TlO\ S1>K(' I'KI'M IN I'H 1 I'U ,\N(1 KS 
OF HUE UNM)FU AirriFll’I\L lEM MlWI’lON \1N( )liUTl( 
SPECTKA OF TWO s\(}F^ -PWi^ ‘^LM’F lU.I I ^ I W(» OUFV 
OHABS-STUDV OF THFIK DlFFElil.M' lU- II VX'lOl B \N1) 
OPTIC U- PHOPFKTIF.S ^VHNoHM \L MoDH'IC \ I'K >Ns FNDFli 
OASLIOHT 

§ ()4. In thr pO'cc'dinB diAplcrs we icpciitfully 
referred to tin* abnornial chanj^fes n\ tin* ap|»(‘;naiu'r of nianv 
dyod sliadi'h when exaniint'd undi'i* aiiilicial illuniination , 
and we have also ohservaal tlnit this plieiionienon is <lue to a 
peculiarity in tin* nature* of tin* ahsorption sju t iia of the* 
dyestutTs tln'inselve's ’ As this inle'n-stin;^ siihjc'ct is he 
coininjji every year of Ltr(*at<*r iinportaiiee t(» all textile* 
colourists, we intcnid no\N to dt*Vote to it a little special 
attention. 

Two shades of a dull eia'ell sa;^a> can la* ohtaim’d hy 
dyeing in tin* lirst instance \Mth ineth>l-\iolet and iiaphthol- 
yellow, and in the* s»‘C(Uid instaina*, with na]>hthol-yellow, 
wool green S.. and a trace of re<l or seal let. Tlu* two shiuh-s 
80 made may inateh each other aeeiir:itel\ in davhght, 
but under gaslight, or any ordinary aitilieial illumination, 
they present a wide ditlerence in apj)earanee d’he lirst shade 
dyed wii^i violet and yt*llow l)ecMMi(*s a mhl t^h-hruirn m 
gaslight, while th^* other shado^ecomes a.i o/o'c. 

* The writer has sliown that didiroihin aiui fiiiorf-^' < ii' o posnortncd hy the 
dyes, •and also the optical properties of the hhr*; itndf, afltH-t, in a sligh' 
degree, the “ gasliglit aspect ” of dyed < o1oum —(.See )uil Soc^wiy hyers ami 
ColourtsU, Nof ember, 1896.) 
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In order to (‘xplain the stran^^e difference in the behaviour 
of two apparently siiiiilarly dyed materials ‘let us examine 
the eohmrs with th<i spc^etroscope. 

No. 2 of h’i^c 27 r(*pr(;s(mts the ap])earanc(3 of the absorp- 
tion sp(H‘.tnnii of the saj.je dyed with na))hthol-yellow and 
1nf;thyl-viol(it. No. 1 is thi^ solar sp(‘cp'uni with all the hues 
in tli(‘ir normal intensitv. ^ 

ft will he ol)S(‘rv(‘d that tie* shadin;^ in tlu' diagram 
n'pr(‘S(‘ntH the ahscnuv' or^ahsoi ption of th(‘ coloured rays of 
tlu‘ spc'ctnim at that certain part. This absorption s])(a!trum 
of No. 2 shows the sagc' colour to consist of tlu' rt'd and a 
[lortmn of the gi<‘(‘n part of tin* s[)(‘ctruin, wdiih' the orange 


A I! {' 1) K V G H 



Fli. 'J.1 -Sliosviii)^ lln' '>|>ti<al diltrifiu m st i iu tui»‘ of two shado of sago 
idciitual to the t'V' t i'’ ''**'*0 ^jxviruiii. No 2, al)soiptioii 

s|n'(inmi of ^ai**' piodiuod \Mih l-\ lolct and \ollow. No 8, 

adsoiption trmn of sago pexluood with \ollow. wool grt'en aud 
small (piantitN of lod 

and ytdlow at tlu* 1> line, and t}u‘ blue and \ lolet from F to 
H lint's, art' all (lUt'iicht'tl or ahsorht'd. 

ddie strong absorption hantl at the ytdlow is caused l)\' 
the n,u'th\ 1-violet constituent, w'hilt' tht' ahstirption of the 
violt't anti blue ravs is caused by the naphthol-yellow. 

Hy looking at this alv^n'ption spectrum, it will he at once 
ohst'i-ved that the red froin>\ to C lines freely transmitted; • 
while there is a dmdt'd tendenew' to ahsorptit)n in the yellow- 
green and blue-green parts ttf tlie spectrum. 

. If we view such a sliade as this in a light which is 
dehVient in the green and abundant m the led rays, like any 
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of- the ordinary illuminants. it. will he readily, aeen that the 
shade presents *a ‘Very much tnlder appearance, owing to 
its free transmission of the predominating nnl rays and its 
tendency to ahsoi*ption of th(‘ deficient grt‘en rays. 

Diagram 8, Fig. ‘27, repn^sents the absorption spectrum of 
^thf i^her sage colour,, exactly matching m davlight No. ‘'2* 
but ^’ed with na}ihthol-\ellow, wool gnuMi S and a small 
quantity of red. It will hi' at once ohst'rved that it ditfers 
from No. 2 alnue it. In No 8 tlK'fi' is strong ahsorptam in 
the cherry-red bi'twiam tlu* (' and I) lim's, eaus('d hv tlu‘ wool 
green, and there is mort* or h's^ a tendency to aliMirh a c<'rtam 
portion of the laal ia\s. TIin n shown by the faint shading 
of the nal, 11 to (' in the diagium. 'flic \eIlo\v-giiTn and 
a considerahle p<u’tion of tliegrt‘en rays are freely traiismitt<‘d. 
This, it will he ohseiM'd, dilTeis gnaitK Iroiii tin* speetrum of 

No, 2. 

'Fhen follows th(' gradual absorption <>{ tlH‘ blue and yiolet 
similar to that of No. 2 spi'Ctium. 

J^\ eompanng in this manner these two spectra of 
shades, apparentl) identical to the unassisted e\e. the spee- 
troscojie has thus r(“\eab‘d thi' eaust* of the dilfcrene.es in 
their hehayionr under gaslight.' Slmdi' No 8 shows a 
tendency to absorb the red ra\H at the H hue, and a strong 
absorption of the cherry-red wliere the shaili* No. 2 shows 
free transmission of those rays. 

Then spectrum No. 8 sliows fna* transmission of tin* 
yellow'-grcen where No. 2 shows strong absorption. 

Thus, No. 8 shade, dyed w'lth w^ool green, yellow and a 
little red, K'hen yiew’ed under an artyicial light, will show a 
••freer transmission of^the yeliow-giwi and gn. n than No 2: 

hence its gaslight as{)ect must* be (fn-taer. 

• 

’ Itfis unntx ehNary here to enu-r uj>on the prin< colour 

absorption and of the theory of the spectroscopt* , readers are ri^oAed to 
Chapters III. an(f IV. companion \ulume, Tfw Science; of i'olour-Mtxxnfl 
8 
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By th(' pattBrn No, 0 in the Appendix^ we 

may H(;e a very j^ood <‘x:im))leof an exactly fnifiilar cas<i. The 
Hilk j)aLt(nii has Ihsmi dyed with — 

.00 pri ( fiiL. liaplilliol-\ i‘ll(nv , 

0*5 per ( (“III a< 1(1 V lolf't, 

*" * O'l p»‘t ( (‘lit ii( 1(1 \lolel I) HN 

4Mie aliKorption spe(‘trmii is exactl\ similar in nature to 
that of No ‘2 in Im^ 27 we have just desci ilx'd. Tlu‘ small 
})i(!c,(' of dyed woollen material attaidied to the silk matchi's 
fairly well with the silk, and was dyed with - 

0 5 pi t ( cnl or.ui^o 1, 

0 1.5 pci . cnl uidiHd ^uOstitulo 

Us absorption sjiectrum (dosidv n'sioiihles that of No. d. 
If th(‘ two dytsl lahrics hi' (‘xamiinMl in wid(‘st 

dillenmce in hiU' is ohservisl, corresponding to that just d(^- 
scrihed and (‘Xplaim‘(i 

d'lK' silk material loiMii^a spectrum hk(' No *2, 
chaiif^i's to a dull reddish-hiown shade . wink' tlu^ dyed 
woollen material, havm^t a speetrum resemhhu^^ No. 3, 
Ix'coiiK's a stron^^ ohv»‘ i^u'etm. 

In th(' case of tin' dyed silk the modif\ m<4 coiistitutmts are 
tlu' acid Moh'ts, ('spi'cially and rnilct h l^N, vshich reddi'US 
much in ^^asliLtht, and in tin* othm' instaiua' it is thi' indi^o 
suhstitute whu'h h('(’oim‘s (//■(’c/O'C, and tlu' orange disappears 
uiuh'r similar coiiditioim 

On (‘xamimnn tiie sj?ectra of tiu'se sa^e colours sho\Mi in 
‘27, it will ht' ohsi'i’ved that they consist principally of 
r('d and rays, niNditly toned down or “ sadvlened ’ hy 

ahsorjitioii of ahl the oth(^rays ()f tlu* spectrum. When we 
' renu'inlx*!’ that a niixture of led and ^reen-coloured li^^hts 
produce tlu* se^isation of {/(flow, we at once see that this 
sa^e 'colour consists practically of a much degraded or 
sacldened yello\\n m*., a yellow mixed with a large proper- 



rtHsoHi'Tiox ii'F.cnu <)i' sL\n: ni.vx * ll.V 

:ioii 'of ‘Mvv. 'Flion if tiiw Ix' ^<i. \\»‘ !><' tn ni.itoli 

‘ » 

iiich a sa;^u* coloiu* l)\ ''iinpiy jIuIIiii;,' with :i rri'tinii 

pro|)()i tion Ilf }4i i'\ 

And this is so. A ci'lom iiiatrhmL: the tv -• ^14* s .iln :id\ 
Lloscnlx'd nia\ l)r(l\<d •'ini|>l\ with .1 \« hi'W ,iiid .iii .inilmc . 
vrny. tfius piodurin^' a >li.id(' of ;,nt‘<‘m->h 

It^s iU“0(lh‘ss to “-aN that a shad* thn^ piodiuad docs 
not sliow any almoinial clian^a'N o| hu< in Fi'-lndit whco* 

11 iiioro ('oiii|)l(‘\ shade' would It Jia^ ii'* pM iihai it \ in its 
ahsorption spi'ctruiu. hoiiiF hu ii'In a^addiiud ''hicktii 
U'llow 

A ^iiiiilai rxaiiijih' to tln'^'t sice ( . iloni s w ill ht sec n at 
d\nd spcciiiiciis Nos l.’i and II whith will h< dtsi'iihid as 
W’t' j)!H)C('('d 

^ (Id. The dyed jiatte'ins Nns Tand^i^^- \jip. iidi\i air 
two sliade'S of drrji slat«'> lilur w hu h a|)|). ai falih llio' ra.h 
otlie'i in da\li;^dit. luiL in F'asli^dit thr\ po --< ni a widrdillri 
(UK'r 111 hun. 

l)\rd pattnin No. 7 appeal- niucli l’I< eai- 1 in '■diadi , while 
No S Is a \er\ d('ej) purply ^late p,r\ in lm-Iil'Ih 

It W(‘ stud\ the alisorption -peciia ot ih<-' Ivso d\(d 
colours, wn lind that No 1 ■-heiws a siioin.! ah-oiptiuti in tin 
n'dpaitof tin' -Pentium liiu's It to (' . whil« 111 -iiad. No 
S tlu' red poition 1- laie(*ly iraiismitt.d Tin ah-oiption 
spectra of tin'se teitiarx -hades, cont ainin<j iIiim m nion' 
dlrtcK'lit d\e constituents, aie oil, 11 o| a \ei\ eonip|i<atMi 
nature and ditlicuh to anal\s<-with iln -pMtiMMdpi 1 In 
little luminosity the\ po-sess, Im me men 1\ yoN- with a 
predoiiiinatine hue, mcrease^tln dillnu!l\. 1 ha\<' 

^nde'avoiired, howe\er, to n preseir tin ahse .ptioii -pei tra 
of tlicse two shades m the aiml'Xed hie ‘js 
^ Spectrum A rt'prese'iit- the alisorjitioii ein\< of d\ed 
shade NN). 7 . wliile A' represents tin- shad, d sl.v<-‘uum 
corres|)ondine ' in y.hsorption to the em\e ahove it. 
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This shade was dyed with — 

1 kilo. |)atciit blue, 

SO grammes orange O, 

•20 ,, cluoinotrop 2 K. 

Th(* strong' ahsOfption in the nal is diu' to the patent blue 
eo'nstituenl , while that in the, yellow^ {4 reen, blio' and violet * 
is owine respeetively to the (•hroin itrop and oraiii,^^ dy^s. 

It will he ()l)S(*rv(‘d I roll! tins ahsorjition dia^^ram that the 
^n‘('eii at the h lines is nu\*-(' fri'ely transinitled than the n^d. 

Spi'ctniin h), ’JS, K'pM-senl-, tin* ahsei jition curve of 
the dyed sha le. \i). <S, and W tlu* shadi'd spt'ctruni, corrcis- 


A n (' 1) K K (1 H 



\ 11 (' 1) K K (1 n 


Fi(. 2S Showing lll)^ol^>llon ^peiliu of two muhUu sluults of dis'p slate 
blue' \. \ , tl\e<l with patfiit bhu'. orange ami ehroniotrop H, B', 
(Ised witli oiebil, indigo and naphthol >ellow Both shades similar 
in daylight, hut widels dilleienl in gashglit 

c 

pondiii;^ 111 absorption to the ciir\ htdow it. The two spt'ctra 
A' and IV are hrouoht to;^0‘tlier in the ditiofain for tha 

sakt' of (Misier eon\}>arison. 

This shade was dyt'd with 


4 kilos oielul, 

2t .. indigo eannme, 

J grammes iiapblbol-\ellow S^., 
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and it will be observed that it ditfers in eonstrueUon from that 
of A'. The nut \a transmitted, wlnle th(’'*^Tei‘n at K lines 
is strongly ahsorhed. dm‘ to tin* (»reliil eonsiiluent, and the 
blue-green and blue are transmitted 

These two diagrams, A A' and It H . I'iig. 'lx, ma\ Ih' takiMi 
. to represent the absorption s}Hriia ol tin- nvtt d\ed patti'rtis* 
Nos. / and S, and from tlunr study we eair now undinsiand 
the different behaviour of the two d\ed nmlt'naK undci arti- 
ficial illumination. ^ 

Shade A, dyial with patimt blue, oiange and ehroniot lop, 
shows greater readun*ss t<» tiansniit tlu'gieen ilian an\ otluT 
part of the spi'etium, and shows likiwisc ahs.uption in all 
the nal pait of the spectrum Such a siiade, iindi'r an 
artificial light, hceoiiK's \er\ much gieeiin l-’or (‘xanipk*, il 
we examiin; uiuk'r gaslight the dyed palh in ^hadf No. 1, 
we wdll se(‘ how the gnuai [>redominate’> 

Shade lb Fig. -8, dvi'd with orchil, mdig<* laiinine and 
naphthol-yellow, shows a (iw transnussKin nf most of tin* 
red rays and strong absorption of tin* i^iccii at (In K Inn'S, 
owing to tile orchil constituent. Wr <'an see from this that 
iiuligo, though a blue d\estutl, fiei'ly ti.iiisimts the r(‘d rays 
as well. Tin* ahsorjUioii of the \iole(, hlue-\i<det and blue 
is due to the najdithol-M'llow constitin ni . 

This shade wh(*n viewed un<lrr gaslight mii'.t hccomc 
very much ri'dder, as we can ser from its spoctriim H and 
B' that the red ra\s are r(‘a<lil\ transimtt'd It in owing 
to this fact, theri'fore, that th<* d\c(J slat(‘\ hint! sliadr, No. H 
in A[T})endix, Ix'coines much redd<1* in Inn* m gaslight In 
the .spectfoscopic examination of dvcstulK tin small direct 
vision instrument ^shown in V\f 1\^ will ho foiiini' most 
useful. It can he carried lA the waistc<*)itt pocket. * 

* §ji(J. In dyed [lattcriis Nos. 11 and 10 w«* have a very similar 
example. Both shades mat(‘h each other and ari*ol y. dark, 
plum drab ifi daylight, hut in gaslight No. 0 appear^ if^ery 



418 


COLOUK-MATCHFNt; ON 'TEXTILES. 


dark j'roy, while No. lO^is a deep shade of plum, ‘ap- 
proaching^ a iiiaro()]i. On analysin^^ their- construction, we 
(irui tliciii to show the same properties as the two shades 
just described in Nos 7 and 8, and this mielit he expected, 
secin^^ that th(‘V aK-olyed with similar eroups of dyestuffs. 

' ' No. ‘J was dv(‘d with 

ISO f^iaiiiiiirs piiti lit liliic, 

.100 ,, oratif^c, 

,, chroiiioiri)]), 

whihi No 10 inatchin;^^ it was dyed with -- 

0 kilos on liil, 

'2 \ ,, indigo < ai iiuiu', 

.')0 gi M MOin-'- miplitliid \i*llo\v 



i'l hliril \ I'.lon SptH (ipo 


ddi(‘ pati-nl hint' eonsi It lU'iil ol No 0 ei\(N it tlu- property 
of ei('(‘nin;4 iiiiieh nndi'i an aitilieiai li^du, ow 11114 to tlu* fu'e 
transmission of the ^nt-i-n and tlu- o'lsoi jition of llo- rid rays 
])oss('Ssed l)\ 1 Ills d\ esl lilt. 

On the odit'i hand, the natnial d\estulf. orchil, in No 10 , 
poss('ss('s propertu's of an ('\aetl\ opposite' nature, heme strong 
111 absorptuoi ol tlo' en-m and fn-e in transmission of all the 
rt'd ra\s ddo' indieo or hhie constitiu nt of No 10 a’so shows 
traiisiiMssion ol tlu' red. V can rt'adily understand, there- 
foH', how two shauii's appanmth similar in da\ light to the 
unaidi'd e\(\ hut compounded oi du-stutls of diffenuit optical 
naturi's, i\ve hohnd to ludnue dithuamtly under thi‘ yellow 
artit‘ lal' illumniants. 
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. The dyed speciinens of subdued plum eoKnir, No'^. 1 1 and 
12, reseoible eaoli i)ther fanl\ well m da\li^^\t mul Vi't prt'Si'ut 
a wide dilTerence uuder ^Mi^li^dit — N\>. 11 appeuniif^' much 
flatter and more of a bh)wu. wbil«' No I j Ixeonus uuudi 
redder, a])proaehmo a clauT 'blu' r('as(>^i fm tins mii\ now 
readily be uudersiood from wbai ba^ liem sai<i po \iousl\ « • 

Stj1id(' No 11 was d\('d wiib - 

2'20 grainiius patfiit lihic, 

220 ,, oriuigt' (i put . 

5(30 .. i hroinotrop 2 K put 

Under ydlow iulilieial liobt'' (be disappeju s to a 

^u'eal ('Xti'ut and (lu* patent blno Imuxiiik '- nnuli intmsilied. 
Tilt' r(‘sult IS tlnit (be ^asholit asptu t o( tin ((•loin is \(‘jv 
mueli tlattf'i oi bliioi . makinp it »>1 u dull luown m lUNset 
colour 

With (Ked sp«‘emii'ii No. l‘i tlu' oppo^n, , tl, > i is pio- 
duet'd. 

ll w as dytal w itli - 

1 2 k llu-v nri till ( U riMllK , 

1 ,, Itultgn ( II llllfK , 

'»0 gtUmilH S Iiuplll l.dl \ ell. i\V s 

As we lia\e ttliead\ obvri\cd. \ell(*\\ di^appiao^ in a 
yelK»wi^h iliuminanl. while the natuial oiclnl and 

indieo, allow a iead\ liaitsuiis'^Kui <>1 all od lav" It lollows 
that sUtdi a eolom as'sliade No 12 will naluialK bccniMr muy 
mueh retlder in oa^'h^^bt tluoi Us < m i cspniidinp shad,' No 11 . 
A \er\ stiikino diitt leiiee in bcluiMwiii l.itwiiii two appiir- 
ently*smidai d\(‘d maleiials is touiul aUn in tin two last 
dyed spu-iiiiens. Nos Id and 11 ^ 

I’attern No Id wa'^ d\ed wub> 

• 

200 guiluiiM «. {Ittriit lihif, 

300 .. ■ iraiigc < > pat . 

stj .. I liniiiU'tri Ip 2 li j'.it * 

The lai'oe excess of orange present in iho d\t d inaleri^,! as 
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seen in daylight disappears ^^reatly in gaslight, with 'the 
result that the shade instead of its being a soft fawn or khaki 
colour becomes a dull sage green under gaslight. The decrease 
of the orange, coipbined with the increase of the patent blue, 
produces this result.. Pattern No. 14, which closely resembles 

^6. 13 in daylight, becomes a reddish, dnd) m gaslight. 

• V' 

It was (ly(!d with — 

S kilos, orchil carmine, 

1 ,, indigo <*armine, 

,, naphthol-yellow S. 

hVom what has alnjady been stated, one can at once pre- 
dict hf)w a colour of this composition will hehavc^ in gaslight. 
3’he indigo hhu^ tends to rculdtui m gaslight, in dircict contrast 
to th(^ pat(uit l)hu‘, whicJi hecoim^s mueJi greeurr; the orchil 
r('dd<uis gn-atly, while the yellow inchiK^s to disappear. ®The 
n'sults an^ that No. 13 becomes miudi (jrecner, and No. 14 
b(‘C()ni('s much reddrt in gaslight than in daylight. 

§ ()7 The coloured plate (sia; frontispiece) represents some 
abnormal changes in hu<‘ of dyed fabrics. Fig. 1 shows a 
pattiu’ii doiu' Ml two shades of olive, the dark ground shade 
dyi'd with naphthol-yidlow, wool bliU! and methyl-violet, while 
the liglit sluuh' of yidlowish olive is dyed with yellow, orange 
and wo(d green, or patent blue N. In daylight the two 
olivi'S ap])('ar of the same class and (piite in harmony, but 
under gaslight tludr change of hue is v(*ry great, representing 
sometiiing like h’lg. 2. The dark olive containing methyl- 
violet as a constituent rejldens into a russet shade, while the 
light olive turns very miAdi greener owing to the wool ^reen 
or the patent hliu* const^uimt. The daylight appearance of 
the fabric, tlu*¥efore, is Widely different^ from that of gas- 
light, and may lu^ Vepresented ^.Umewhat like Figs. 1 and 2 
of frontispu'ce. ^ 

Figs^ 3 and 4 (frontispiece) represent the same pheno- 
merloh in a more curious aspect The lightest shade of terra- 
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cotta has not been made with the same dvestutY as the 
ground ^nd the second shade. Tlioui^li ^uirnmnisi!!;; ^\ell 
enough in step in daylight with the g«‘neral tone of the two 
other shades, in gaslight it goes (jinte otT th«.' east {seo l*’ig. i), 
and becomes so green as to appiMir a distiivtlv diHerent colour. 

The ground and second shades \s(‘re dst'd with orange* 
azo add magenta and mdigo suhstituti' HS.'hut the light tint 
had, in place of the indigo, tlu‘ d\cstutV wool gietm S. 
The harmony of colour gradatioij oi "step” of the (‘om- 
position was faultless in davhght, as shown in h'lg H. and 
all the shades appeanal of the saim* natun' and coinj)ositiou ; 
but under artificial light the lightest tint at onc(‘ stood out 
from the other colours as being of a dilleient gHM-iuT cast 
(see Fig. 4) 

Qf course it must he renuunhcred that the e\ani))li's we 
have chosen are soinew'hat «‘xaggerated, and could s('arc<'Iy 
be produced in at'tual practice unless iliroiigh some gross 
carelessness of th<‘dyer, or with th<‘ studied vKwvof <»htainiiig 
such curious results. Neverllndi'ss it KMjuires tho utmost 
care in the propi'r sidection of ilie (Kestnlts to obtain a 
colour which hehavt‘s in all respi^cts siimiar to (he shade 
it IS desired to match, 

§ 68. Unreliable Dyestuffs. —While s}»eaking of the dilli* 
culties of colour-matchiftg, w't‘ cannot hut leler to a \eiy 
imj)ortant question, i.e , the vaiymg and imroliahle (jiialitv of 
some of the dyestutfs usid. 

As a rule, dy(‘rs and colour-mix«^rs prefer to keep eiosfdy 
to thtiir standard dyes, wdneh i\u*v ha\e found after long 
experience to he regular m strength, and (jiiality. Tli(‘\ an' 
naturally very slow — and nghtl\^o— l(t a<i( pi a new' luand 
of dyestuff, even though it pfomisc's well liflheir trial experi* 
ments, because they have, no doubt, learned from hitter 
experience that many dyestuffs after being adopted^ piovo^ 
to be uncertain lu strength and quality of ton<‘ 
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Aft('r colour i funpcs have hytai altered and adjusted to -suit 
the n(*vv dy(istulT,‘ it may he found, on evuw'ming the next 
(hilivery oi^ tin* stuff, to l)e sh^ditly different m quality. Tliis. 
U|)Hets c.oni|)lel(‘ly the colour n'cipes, and ^nves tlu; dyer no end 
of troul)l(! Ill matelon^^ his shade's to the reepiired standards. 
• •This IS OIK' of th(' most anno\in^^ ('X])enenc('s of the 
colourist. Month iiy month the dye'stuff may creep Alhiost 
imper('eptil)l\ oft tlu' eeun'et tone imh'ss tlie Utmost vigilance 
he (‘Xe'l'cised. 

I 

It IS vei\ impoitaiil that ('\(‘rv colouiist should keep a 
small saiiqile of tlii' dyi'stulls as har^uinu'd lor \vhd(' making 
th(' contracts foi (he \<'ai, so that the\ may be* ke'pt for 
e'ompaimg with the' fiituie de'h\<*iK's of the d\e‘stutf. 

Hut 111 the' he'st re'gulatcd eoloiii lahoratoi les, and although 
the utmost cai(' hr exi'ieise'd. It iiuiv he- found that the'd.veel 
shades ;iie not roniing out just as (he\ ai(' desiK'd. ddie3y 
nia\ KMiuiic to he altcK'd and adjiiste'd with oik' dvestufl or 
another to i)iing (Ik'Iii to the' coiieel shade', and it is lu're 
that the' roloiir-niatrhri rxpe'iK'iire's most diflieulty. 

It IS liaid loi an\ pe'isoii not skilk'd in the' piae'tie'al mix- 
ing and niatrhing of coloiiis to hrlu'Xe' that a du'stufl giving 
tone's of eoloni almost ide'iitiral to its le'qune'd stanelaid may, 
will'll mixed with otlu'r d\es to foim e'omjioimd shaele'S, 
prodiiei' I ('Suits \('ry difleii'iit from 1;hat we*re e'xja'cted. 

Vi't, as ('\('i\ eolouiist knows, this ma\ he' so. For 
e'xample, two shade's of hiown ma\ apjie'ai ide'iitical, yet 
wile'll e'ach Is mixi'd with a ce'itam [iropoition of gre'eii or 
hhu' the' two shade's of /a'l 1 a-e'otta thus jiioduce'el nuby not 
he at all similai . ^ 

liivlie same' luaime'r t^o aniline gie\s oi- indulmes may 
Upjie'ar, wile'll d\e'e,’ o\ the'luse'H ei>, of e'Xaell\ the same colour, 
}e't if theie' he' adele'el a ee'iiam jaeiportion of pink to form a 
soft purpU', OI a\\e'lle)W to gi\e' a cilime, or an oiaiige to give 
a ru^ye't,* the' le'sultmg pairs of shades ma\ ehtfer considerably. 
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Some slight ditTeronce in Inu; hftvwen tht' two not 

observable at iVst. brconit's a])|tarciu (Ui iulnnxtun' with 
other colours. 

Here, then, arises a ^jreai sourct' of dillirultN to tlu* eolour- 
jnateher; and it retunrt's t1u‘ eolour inanufaetuioi s and their 
, agents to thoroughl\ apj>r<‘eiati‘ tin* im|H»itaiu of this suhjen / 
and f(*exereise the utmost earethat all d<‘li\k’iu's (d dvi'stnlls 
are unvarying ni strength and tout' of eoh'in 

At the present da\ . wlnai husiness iniis at hij^h sprod and 
everything is hustle and hurr\. th«‘ eolounst h.is no tune to 
waste on altering shad»*s and adjusting his loeipos t(' suit a 
vacillating and nneertain d\esinll, no inall<'i how anxious he 
might h(‘ to us<' it 

This siihjoct is a most nnpoitant (MU' to (l\r inainifaetuiois, 
and jvell worthv ol tluur closest attentuMi 
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